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AIR POLLUTION BY HYDROGEN SULFIDE IN POZA RICA, MEXICO 
An Evaluation of the Incident of Nov. 24, 1950 


LOUIS C. McCABE, Ph.D. 
AND 


GEORGE D. CLAYTON 
WASHINGTON, D. C. 


N NOV. 24, 1950, in the area adjacent to a recycling and sulfur-recovery plant 
of Petroleos Mexicanos at Poza Rica, Mexico, an air-pollution incident occur- 
red, subsequent to which 320 persons were hospitalized and 22 died. Following 
arrangements between the Mexican Government and the United States Depart- 
ment of State, we were assigned by our respective agencies to confer with the manage- 
ment of the Company in México, D. F., and at Poza Rica, to review the circumstances 
before, during, and after the incident, to assist the Company in any way possible, 
and to make available to the petroleum industry in general any information that 
would contribute to industrial safety and health. 
A city of 22,000 persons, Poza Rica is situated approximately 130 miles north- 
east of México, D. F. It is the center of Mexico's leading oil-producing district and 
the site of field installations for natural-gasoline manufacture, crude stabilization, 


gas desulfurization, sulfur recovery, and pressure maintenance.’ 


PLANT DESCRIPTION 

The gas-treatment plants of Petroleos Mexicanos at Poza Rica have a capacity 
of 116,000,000 cu. ft. of natural gas and 5,000 barrels of hydrocarbon liquids a day. 
The petroleum produced in the field is sent by pipeline to México, D. F., for refin- 
ing.” The sulfur-recovery plant of the company produces 120 tons of sulfur daily 
from the hydrogen sulfide that occurs with the natural gas. In addition to the hydro- 
carbons, the gas contains 3.14% hydrogen sulfide, 15% carbon dioxide, and 0.1% 
oxygen. This plant was constructed to utilize more effectively the resources of the 
Poza Rica field in meeting Mexico’s growing demand for sulfur for industrial use. 

As another step to meet the increasing need, a sulfur-recovery plant has been 
under construction at Poza Rica. This plant was partly completed when we visited 
the site on Dec. 7 and 8, 1950. 


Chief, Fuels and Explosives Division, Bureau of Mines, United States Department of the 
Interior (Dr. McCabe), and Chief, Atmospheric Pollution Unit, Division of Occupational Health, 
United States Public Health Service (Mr. Clayton) 

1. Barnetche, A.: Reservoir Studies in Poza Rica Field, Oil & Gas J. 47:161, 1949. 

2. Mexico Opens Big New Oil Refinery: Special Reports, Chem. Engin. 57:209, 1950. 
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Stripping columns for handling hydrogen sulfide-rich natural gas at Poza Rica. 


Fig. 2.—Flare for hydrogen sulfide-rich gas at Poza Rica. 
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The Girbotol umits (Fig. 1). which employ monoethanolamine for absorption 
of hydrogen sulfide, had been completed and put into operation in November; but 
the reactors, which operate on a moditied Klaus process, were not yet completed. 
In this process, one third of the incoming hydrogen sulfide is burned to sulfur 
dioxide, which is combined catalytically with the remainder to form elemental 
sulfur and water. 
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Fig. 3—Gas flow chart showing delivery to hydrogen sulfide-stripping plant Nov. 23-24, 1950, 


Half of the Girbotol units were first put into operation on Noy. 21, 1950. Each 
half of the plant is designed for 60,000,000 cu. ft. a day; but during the starting 
period gas deliveries were held to 40,000,000 cu. ft. a day. Since the reactors were 
not completed, the hydrogen sulfide-rich gas was sent to a flare (Fig. 2), 90 feet 
above ground level, at a rate of 10,000,000 to 11,000,000 cu. ft. a day. The composi- 
tion of this gas was 81% carbon dioxide, 16% hydrogen sulfide, and 3% hydro- 
carbons and water. 
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To assure a combustible mixture, auxiliary gas lines delivered sulfur-free natural 
gas to the combustion chamber at the top of the flare at the rate of 200 cu. ft. a 
nunute (288,000 cu. ft. a day). The flare was equipped with pilot lights and an 
automatic electrical ignition system. 

When the scrubbers were first put into operation difficulty was encountered 
in establishing a steady flow of gas, and some of the amine solution overflowed 
into the lines supplying gas to the burner and pilot lights. The flame of the flare 
was reduced in height from a normal 30 ft. to 10 to 15 ft. At this time the absorp- 
tion units were shut down, the lines drained, and the flare relighted. It was observed 
to burn normally afterward. 

\t 4:40 a. m. on Nov. 24, the supervisory statf of the refinery received tele- 
phone calls reporting gas in the area adjacent to the plant. At 4:50 a. m. the 
manager arrived and shut down the operation, the shut-down being completed by 
5:10 a.m. The manager reported that the flare was burning at the time of his 
arrival at the plant, but at a reduced rate. 

The flow chart (Fig. 3) shows that gas was delivered at the 40,000,000 a day 
rate until 2a. m. on Nov. 24. This hour had been chosen to begin delivery at the 
design capacity of 60,000,000 cu. ft. a day, and the chart shows that delivery was at 
the 55,000,000 cu. it. a day rate between 2:00 a. m. and 3: 30a. m. The record then 
shows erratic delivery for approximately an hour, during which the recording pen 
left the chart. Immediately before the plant was shut down at 4:40 a. m., the flow 
chart showed delivery at the rate of 60,000,000 a day. 

The nozzles of the gas and pilot lines supplying the flare were removed after the 
plant was shut down and were found to be partly filled with a sooty residue, con- 


sisting of finely divided carbon, which retained traces of the amine solution. 


EPIDEMIOLOGY * 

fl opography.—The city of Poza Rica is built on the Rio Cazones flood plain and 
is located approximately 130 miles northeast of México, D. F., 115 miles south of 
Fampico, and 30 miles west of the Gulf of Mexico. It is in the heart of one of 
Mexico's largest gas- and oil-producing areas. The climate of Poza Rica is semi- 
tropical, and bananas, coconuts, pineapples, and other tropical fruits grow in large 
groves in the valley. 

Figure 4 1s a topographical map of a portion of the valley showing the main 
residential section, the plant location, and the area where the incident occurred. 
Phis map shows that the elevation of the affected area is 173 ft. and the elevation of 
the immediate surrounding area ranges from 163 ft. in the north to 179 ft. in the 
south and from 176 ft. in the west to 246 ft. in the east. The floor of the valley 
is flat, with a gradual rise toward the north. A topographical map of the entire 
valley is not available. Hlowever, an idea of the terrain is afforded by Figure 4, 
which shows the hills on the east side of the valley reaching an elevation of 328 ft. 
These hills, all of which are approximately of the same elevation, surround the 
entire valley. 


Phe sections on epidemiology and clinical findings were prepared with the cooperation 
of Dr. A. Link Koven and Dr. W. M 


Gatater, both of the Division of Occupational Health, 
United States Public Health Service 
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Meteorology.—Since meteorologic factors play an important part in any air-pollu- 
tion disaster, we asked A. P. Eliot, of the United States Weather Bureau Liaison 
Office of the American Embassy at México, D. F., for an appraisal of the meteoro- 
logic conditions in the Poza Rica area at the time of the incident. His findings 
revealed a low-altitude temperature inversion, little wind movement, and pronounced 
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Fig. 4.—Topographical map showing Poza Rica, affected area and plant. 


Tuxpan, Veracruz, is the nearest point where hourly weather records are avail- 
able for the period during which the Poza Rica disaster occurred. Tuxpan is 
approximately 20 mi. northeast of the Poza Rica gas refinery. The point at which 
weather observations are made is about 3 mi. inland from the Gulf of Mexico. The 
synoptic conditions and geographical relation of Poza Rica and Tuxpan indicate 


that nearly identical weather conditions existed at the two locations. Following 1s a 
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series of weather reports from Tuxpan, made available by the Mexican Meteoro- 
logical Service : 


Time 90th Meridian Nov. 24, 1950 Temperature 62.6 F. 
1:00 a.m lemperature 6.2 F. Dew point: 62.6 F. 
Dew point: 64.4 F Wind W 4 knots 
Wind W 4 knots Clouds: Stratocumulus and 
Clouds: Stratocumulus and cumulus 
cumulus Visibility: 3 mi., haze 
Pemperature 68.0 Temperature : 64.4 F. 
Dew point 66,2 F Dew point: 64.4 F. 
Wind NNW 8 knots Wind SW & knots 
Clouds : Cumulus and strato Clouds: Stratocumulus and 
cumulus lowest at cumulus 
3,000) ft. and Visibility: 6 mi., haze 
coverage a.m Temperature : 71.6 F. 
Missing Dew point O8.0 F. 
Missing Wind: SW 4 knots 
Pemperature Clouds : Cumulus and strato 
Dew point cumulus 
Wind SW 4 knots ‘ Visibility: 6 mi., haze 
Clouds: Stratocumulus and i Temperature : 13.2 F. 
cumulus quantity Dew point: 66.2 F. 
and height missing Wind: W 4 knots 
Visibility: 6 mi., haze Clouds : Cumulus, base 1,500 
lemperature 62.6 F. it 
Dew point 62.6 F. Visibility: 15 mi. 
Wind W 4 knots 
Clouds: Cumulus and alto- 
cumulus 
Visibility: 3 mi., haze 


Weather maps of the Mexican Meteorological Service indicate that a temperature 
inversion of approximately 5 degrees existed between the surface and 1,000 to 2,000 
feet throughout most of the area between Tuxpan, Tampico, and Cuidad Victoria, 
Mexico, and Brownsville, Tex. 

Temperatures at the surface were slightly below normal in the area involved 
hecause of a general flow of cold air from the north. The synoptic charts for mid- 
night and 6:00 a.m. show a gentle flow of slightly warmer air from the west. In 
view of the proximity of temperature and dew point, the haze reported by Tuxpan 
was probably a light fog. Heavy fog patches were reported by Poza Rica personnel 


in the vicinity of the gas disaster. Another phenomenon reported was the horizontal 


movement of steam and smoke from stacks at the refinery in the general direction 
of the village, indicating a low-level temperature inversion. 

Krom the rather limited meteorological information available, it is concluded that 
a pronounced temperature inversion existed from the surface to a low altitude. This 
temperature inversion produced at a low level a concentration of haze and nuclei 
consisting of products of combustion from the waste-gas stack. The presence of 
combustion products nuclei probably contributed to the formation of the fog patches 
reported in and around the village. 

The low-level temperature inversion prevented normal vertical mixing and 
dispersion of stack effluents. Since the terrain was nearly level, it is believed that 
the wind direction, rather than ground depressions, was the major contributing 
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factor affecting the flow contaminants. Reports from the vicinity indicated that a 
slight increase in wind velocity occurred between 5:00 a. m. and 5:30 a.m. The 
dissipation rate was probably increased with heating of the air shortly after sunrise. 
The strong northerly winds reported as having begun after daybreak were not 
reported at Tuxpan. 

Housing.—Figure 5 represents the type of homes in the affected area. For the 
most part they are one-room houses. In some instances, the walls are constructed of 
split bamboo, and in others shiplap siding is used. Most of the houses are unpainted, 
with either galvanized-iron or thatched roofs. A few of the homes are constructed 
on elevated foundations approximately 2 ft. above the ground, and others have dirt 
floors. A majority of the homes are built to allow maximum air movement. It may 
thus be assumed that the concentration of the contaminants within these houses 
would be the same as that found in the general atmosphere. 

Mortality and Morbidity—Time of Occurrence of Incident: In the early morning 
of Noy. 24, 1950, people living in the community near the refinery (Fig. 6) 
were aroused from their sleep by an air pollutant which resulted in the hospitalization 
of 320 persons and claimed 22 lives. On the basis of all possible information as to 
the exact time and duration of exposure, the pertinent events may be arranged in 
chronological order, as follows : 

4:30 a. m—A bus passed uneventfully along street parallel to plant, approximately 900 ft. 
distant. 

4:50 a. m—Approximately 5 telephone calls had been received at the home of the superin- 
tendent complaining that gas was present. 

4:50 a. m—While cooking breakfast, a housewife living in the affected area heard a radio 
announcer state that it was 4:50 a. m.; immediately thereafter she heard people 
scréaming nearby, ad she carried her daughter outside the stricken area. ; 

4:55 a. m—The plant superintendent, rushing to the plant along the same route as the bus 
had taken, noticed several people prostrate and heard others screaming. 

4:55 a. m—On their way to work, several employees were overcome and became unconscious 
when they reached the new main entrance (approximately 300 ft. east of the 
sulfur-removal unit) of the plant. 


5:10 a. m.—The sulfur-removal unit was shut down, and the police and army officials were 
notified. Before this time, several groups of men had organized rescue squads 
to remove stricken victims to a nearby hospital. The rescuers did not wear any 
type of protective respiratory equipment, and although several of them became 
nauseated, none was severely affected 
From these events one may conclude that the onset took place near 4: 50 a. m. and 
that by 5: 10a. m., the acute phase was ended. Thus, a period of 20 minutes elapsed ; 
it may be assumed that during this period the maximum concentration was reached. 

Distribution of Cases: Human. The 22 persons who died ranged in age from 
2 to 50 years. Of these, 9 persons were under 13 years of age, 10 were between 
14 and 35 years, and 3 were between 36 and 50 years. Twelve were female and 
10 male. 

The hospital record showed that the 22 fatalities occurred according to the fol- 
lowing chronological order : 9 persons were dead upon arrival ; 4 died within 2 hours 
after arrival; 4 died within 6 hours after arrival; 1 died 24 hours after arrival; 1 
died 2 days after arrival; 1 died 5 days after arrival; 1 died 6 days after arrival, and 
1 died 9 days after arrival. 
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Fig. 5.—Typical house in affected area. 
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Fig. 6.—Map of the area affected by the gases from the burner, Dec. &, 1950. 
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In all, 320 persons were treated. The following is a summary of their hospital- 
ization: One hundred seventy were discharged after two to three hours; 90 were 
discharged after six to seven hours; 32 were discharged after several days, and 13 
died in the hospital. 

Animal. An undetermined number of canaries, chickens, cattle, pigs, geese, 
ducks, and dogs lived in the affected area. All the canaries in the area were reported 
dead after the incident. It is estimated that approximately 50% of the other animals 
in the area died during this period. 


CLINICAL FINDINGS 
Symptoms and Signs.—To depict significant symptoms and signs most accurately, 
a detailed study was made of 47 hospitalized patients who were under particularly 
close observation. The results of this study are shown in Table 1. Outstanding of 
all the symptoms and signs, the loss of the sense of smell, was experienced by all 
but one person, who complained of a rotten-egg odor.*| The symptoms and signs 


of the irritative action of the exposure were present for various organ systems. 


The respiratory system presented a high frequency of cough, dyspnea, and pul- 


monary edema. This, in turn, reflected the irritative nature of the exposure, since 


in nearly all cases the temperature was not high, as one would expect in an infec- 


: tion. The irritation of the conjunctiva frequently experienced was the result of 
direct contact with an irritative gas. 
The gastrointestinal system reacted to this irritant as evidenced by frequent 


findings of nausea and vomiting. The nervous system was markedly affected, as 


revealed in the frequency of unconsciousness, severe headaches, and vertigo. 


Rather characteristic and striking in the tecovery of these patients was the 


absence of respiratory or digestive sequelae, which would indicate that the toxic 


substance in the acute exposure was oxidized rapidly in the body and that the 


oxidization products were not toxic. The effects on the nervous system were more 


prolonged, however, for four survivors presented sequelae. Two of the survivors 


experienced neuritis of the acoustic nerve. One survivor experienced dysarthria, 


as evidenced by lingual difficulty. The fourth patient, an epileptic, has since shown 


nervous manifestations different from preexistent ones and has generally suffered 


marked aggravation of his illness. 


Not all the patients showed effects on the central nervous system. The degree of 


this effect, however, was the determining factor in the fatalities. A review of the 
detailed case history of one of the hospitalized persons (Case 7), who remained alive 
in a coma for seven days, graphically reveals that, despite stimulatory drugs and 
general supportive therapy, recovery of the central nervous system failed. This 
patient was one of the few who did not die relatively suddenly.’ 


4. Sayers, R. R., and others: Investigations of Toxic Gases from Mexican and Other 


High-Sulfur Petroleum Products, Bulletin 231, U. S. Department of the Interior, Bureau of 
Mines, 1925. 

5. Division of Industrial Hygiene, U. S. Public Health Service: Hydrogen Sulfide, Its 
Toxicity and Potential Dangers, Pub. Health Rep. 56:684, 1941. 
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Report of Cases —The following case histories were selected because they typify 
the acute onset and sudden death, as well as the symptoms and signs to which 
reference has been made. 


Cast A.—In a one-room house, approximately 200 ft. from the sulfur-removal unit, lived a 
man 37 years of age, his wife of 24, a daughter of 13, and a son of 2. During the night the man 
awakened and noticed that his daughter was ill. He saw her arise in an attempt to go to him 
and then fall to the floor. His son, too, tried to make his way to his parent's bed and also fell 
to the floor. While observing this, the man himself had the sensation of burning of the eyes and 
severe headache. He managed to rise, however, and to wet some blankets, which he put over the 
heads of his children. Accompanied by his wife, he carried the children out of the affected 
area on to the road, where he caught a taxicab and took his family to a nearby community. 
The next day the entire family was feeling well. 

Cast B.—In a one-room home lived a family of eight. Although none of the family reported 
any ill effects from the pollution, the household pets and farm animals were affected severely. 
One canary, 5 of 8 small puppies, 11 of 31 chickens, 2 geese, and 3 ducks died, and 1 pig died 
three days later. 

Case C.—In a one-room house, approximately 400 ft. from the sulfur-removal unit, lived six 
persons. The father was 45 years of age, the mother was 37, and the four children ranged in age 
trom 4 months to 7 years. During the episode, the father woke up and noticed that something was 
wrong. He picked up his 4-month old baby and carried her out of the area. Both he and the 
baby were hospitalized and fully recovered. The mother and three other children, however, did 
not leave the home and died. 

Case D.—In a one-room house, approximately 350 ft. from the sulfur-removal unit, the mother 
was cooking breakfast for her family at 4:30 a. m. Twenty minutes later she heard people 
screaming, and at once removed her children from the home and involved area. At the time that 
she first heard the screams, the radio announcer said it was 4:50 a. m. All the subjects escaped 
serious illness. 

Case E.—In a one-room home, approximately 600 ft. from the plant, lived seven persons., The 
son had left early in the morning for his work at the local bakery. When the mother woke up, 
she discovered that she was partly paralyzed. Calling to her two oldest daughters, aged 17 and 
25, she asked them to go for help, but as the two girls opened the door to leave the house, they 
fell unconscious to the ground. Upon arrival at the hospital, they were both pronounced dead. 
The mother and the other children, aged 5 to 12, remained in the home. They were hospitalized 
and recovered. 

Case F.—In a one-room home lived three persons—a mother 24 years of age, a father 32 
years of age, and an 11-year-old daughter. The daughter reported that she was ill, and the parents 
took her into their bed. All three were found unconscious by rescuers. The mother and father 
fully recovered, but the daughter was pronounced dead upon arrival at the hospital. 

Case G.—In a one-room home, 200 ft. from the plant, lived seven persons—father, mother, and 
five children. Two of the children died from the acute exposure. The mother, who was 26 years 
of age, was brought to the hospital in a coma and remained unconscious for seven days before 
dying. After careful observation, diagnosis, and treatment in the hospital, the patient showed only 
minimal involvement of the respiratory system but major involvement of the central nervous 
system. Besides deep coma, this patient had persistent chronic and tonic convulsions of the upper 
and lower extremities and reduced and absent reflexes. In addition to central nervous system 
depression, there was elevation of nitrogenous waste products in the blood and the presence of 
albumin and casts in the urine, indicating loss of kidney function. 


PATHOLOGY 


Human.—A necropsy was performed on a 22-year-old woman who died suddenly 
as a result of the acute exposure. The following is a summary of pertinent findings 
as recorded in the protocol: 
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Gross Observations: (a) The conjunctiva of the eyelids and the skin in general 


were pallid. White foam was present around the nostrils and mouth. 
(bh) The dura was free but moderately congested. The meningeal vessels were 
injected. On cut sections, punctate hemorrhages could be seen throughout. 
(c) The lungs showed marked edema and surface ecchymosis, especially on the 
right side. On sectioning, there was much bloody fluid. 
Microscopic Observations : (a) The lungs showed extreme congestion with extra- 
vasation of fluid and red and white blood cells into the alveoli and the bronchioles. 
(b>) The liver presented areas of moderate congestion and fat globules in Kupffer 
cells 


Tasie 2.—Frequency of Symptoms and Signs in Forty-Seven Hospitalized Patients 


Per Cent 


1 Nervous System 


Loss of sense of smell 100.0 


O17 


Severe headache 


Uneonsciousness 
Conjunetival irritation 


Convulsions 


Vertigo 
Hypertonia 


Respiratory System 


Dyspnea 1s 38.3 
Cough 29.8 
Pulmonary edema % 19.1 
Pulmonary congestion 5 10.6 


Bronchopneumonia 


Digestive System 


Nausea ; 15 31.9 
Dysphagia 3 64 


Diarrhea 


In the cerebral cortex there was found enlargement of the Virchow-Robin 


spaces. 


(d) Sections of spleen, kidney, and heart were edematous. 


The clinical diagnoses was intoxication by gases; the pathological diagnoses, 
pulmonary edema and congestion, cerebral congestion, and petechial hemorrhage. 


Animal.—Sections of a dog’s lung revealed marked congestion and edema. The 


liver showed passive congestive and fatty degeneration. 


COM MENT 


‘Twenty-two persons died and 320 were hospitalized as a result of an acute 


exposure to a pollutant which was released into the atmosphere within a 20-minute 
period, It is not possible to state whether the exposure was instantaneous, inter- 
mittent, or continuous during this time. 

The frequency of the various symptoms and signs of the 47 hospitalized patients 
who were under particularly close observation are shown in Table 2. 

Four survivors presented nervous system sequelae, acoustic neuritis, dysarthria, 


and aggravation of epilepsy. 
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Necropsy of both human and animal subjects revealed marked pulmonary con- 
gestion and edema, and cerebral congestion and petechial hemorrhages as the 
principal pathological findings. 

It would seem that the pathological findings, together with the onset, the symp- 
tomatology, and the clinical signs, are typical of hydrogen sulfide poisoning. 

Review of the literature reveals many reports of both acute and chronic exposure 
to hydrogen sulfide. However, acute exposures have been limited to only a few 
persons. There have been accidental gassings from hydrogen sulfide in tanneries, 
glue factories, fur-dressing and felt-making plants, abattoirs, and beet-sugar fac- 
tories.” The French literature contains accounts of accidents in the sewers of Paris.’ 
In England, Legge * reported the deaths of two men who were enlarging a cesspit 
in a factory yard. Hydrogen sulfide is a recognized danger in gypsum and sulfur 
mines. The refining of high-sulfur petroleum presents a source of danger of hydrogen 
sulfide poisoning. In 1926 the Bureau of Mines and the Public Health Service 
were asked to look for the cause of mysterious deaths of men engaged in producing, 
transporting, and refining oil in western Texas. Hydrogen sulfide was found in 


toxic quantities in solution in the crude oil, the gas being liberated as soon as it 


reached the surface.” This process was greatly accelerated by the heat of refining. 

Haggard,'’ discussing the toxicology of hydrogen sulfide, presents a table show- 
ing the effects of hydrogen sulfide at different concentrations. Below 1,000 ppm 
hydrogen sulfide has a negligible influence on respiration and the effects are pri- 
marily those of an irritant. Between 1,000 and 2,000 ppm the gas causes stimulation 


of the pulmonary endings of the vagus nerve, with resulting hyperpnea and acapnia. 


Within a few minutes, a compensatory apnea ensues. Spontaneous respiration may 


or may not be resumed, depending on the resiliency of the respiratory center. Ina 
concentration above 2,000 ppm there is a direct paralysis of respiration without 
spontaneous recovery. The action of hydrogen sulfide upon the nervous system is 
exerted only during the time that the free hydrogen sulfide is in the blood, the degree 
of the effect depending upon the concentration present. The symptoms of acute 
poisoning develop immediately on inhalation of the gas; but, because of its rapid 
oxidation in the blood, they disappear when the inhalation ceases. Death in acute 
poisoning can be as rapid as in poisonings by cyanides; a man inhaling a high con- 
centration drops dead. Hydrogen sulfide is, to a large degree, a noncumulative 


poison, and as a rule sequelae are limited or absent. It is felt, therefore, that the 
above-mentioned sequelae occurring in this study were the result of irreversible 
damage to nervous tissue from asphyxia and prolonged anoxemia. 


SUMMARY AND CONCLUSIONS 


A review of the history of the Poza Rica incident shows that the sulfur-removal 
unit (Girbotol unit) began operation on Novy. 21, 1950. A few days after the unit 


6. Yant, W. P.: Hydrogen Sulfide in Industry, Am. J. Pub. Health 20:598, 1930. 

7. Klein, W.: Uber die Vergiftung durch Einatmung von Kloakengas, Deutsche Ztschr. 
ges. gerichtl. Med. 1:228, 1922. 

8. Legge, T. M.: Industrial Maladies, London, Oxford University Press, 1934. 

9. Yant, W. P., and Fowler, H. C.: Hydrogen Sulfide Poisoning in Texas Panhandle, 
R. I. 2776, U. S. Department of Commerce, Bureau of Mines, 1928. 


10. Haggard, H. W.: The Toxicology of Hydrogen Sulfide, J. Indust. Hyg. & Toxicol. 
7:113, 1925. 
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was in operation, difficulty was encountered when the amine solution overflowed, 
partly plugging the gas lines to the pilot lights of the flare. However, the flare 
appeared normal under the reduced rate of flow. 

On Noy. 24, at approximately 2:00 a. m., efforts were made to increase the rate 
of flow of gas to the plant's rated capacity of 60,000,000 cu. ft. a day. The desired 
rate of flow was reached at approximately 2: 30 a.m. At approximately 4:00 a. m. 
difficulty was encountered, and the gas flow began surging through the unit, with 
the probable result that unburned hydrogen sulfide escaped into the atmosphere. 

The available meteorological data indicated a pronounced low-altitude tempera- 
ture inversion, a high concentration of haze and nuclei, and a very slight wind 
movement prevailing. 

The epidemiological study indicated that the time of onset of the incident was 
about 4:50 a. m. and that the acute phase was ended by 5:10 a. m. The victims 
were affected in a geographical area in direct proximity to the effluent stack of the 
Girbotol unit. During this short period, the acute exposure to the atmospheric 
pollutant caused the death of 22 persons and the hospitalization of 320. 

The onset, the symptoms and signs, and the pathological findings are consistent 
with hydrogen sulfide poisoning, and there were no findings that conflicted with this 
diagnosis. 

Therefore, it is to be concluded that the hydrogen sulfide that caused this 
morbidity and mortality came from the effluent stack of the Girbotol unit. 


RECOM MENDATIONS 
\t the time of the investigation, plans were under way by proper authorities to 
redesign the effluent stack of the Girbotol unit and to move it to a location that 
would minimize the possibility of a recurrence of such a disaster. 

The tollowing recommendations are made after careful study of all factors per- 
taining to community and plant welfare : 

1. To insure against a possible recurrence of a similar incident, hydrogen sulfide 


alarms should be located at strategic areas within the plant. 


2. An air-pollution study should be conducted in the Poza Rica community to 


determine the amount of sulfur compounds in the atmosphere, so that control 
measures could be instituted if necessary. In addition to the possible hydrogen 
sulfide hazard, there is a definite probability of a sulfur dioxide hazard (threshold 
limit values: hydrogen sulfide 20 ppm, sulfur dioxide 10 ppm),'! since it was 
observed that throughout the Poza Rica Valley there were a large number of flares 
burning hydrogen sulfide to sulfur dioxide and that a very definite sulfuric acid haze 
Was present in the community, Sampling stations should be selected in appropriate 
locations so as to obtain data indicating the range of concentration of air pollutants 
from minimum to maximum levels. Stack analvses should be done to determine 
air pollutants qualitatively and quantitatively. This information correlated with 

11. Weeden, F. R.; Hartzell, A., and Setterston, C.: Toxicity of Ammonia, Chlorine, Hydro- 
eyanic Acid, Hydrogen Sulfide and Sulfur Dioxide, tor Plant Res., Contrib. Boyce Thompson 
Inst., 1940. 
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meteorologic and topographic data would give a comprehensive picture of the air- 


pollution problem. A program of this type would require personnel trained in the 
selection of sampling locations and gas sampling analysis. 


3. It was also noted that the industrial health and safety programs could be 


improved ; strong programs would be profitable in promoting the health and efficiency 
of the workers. 


We were aided in this investigation of the incident by Sefior Bermudez, President Petréleos 
Mexicanos, and Engineer José C. Colomo, Subdirector of Production, who arranged for num- 
erous conferences with the engineering and medical personnel of the Company. Thomas G. 
Elder, General Manager of Projects, Arthur G. McKee & Co., provided much of the infor- 
mation about the design and operation of the plant and facilitated travel between México, D. F 
and Poza Rica. Jaime J. Marino, Superintendent, Poza Rica Properties, reviewed the events 
leading up to and following the incident. Horace Harper Braun, Commercial Attaché of the 
American Embassy, México, D. F., assisted in arranging conferences with Mexican officials 
and in completing the arrangements between the United States Department of State and the 
Government of Mexico. 
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RETENTION, DISTRIBUTION AND ELIMINATION OF 
INHALED PARTICULATES 


With Particular Reference to the Evaluation of Radiologic Risk 


MERRIL EISENBUD 
NEW YORK 


Hk MECHANISMS involved in the deposition and retention of inhaled 

particles have attracted the interest of many investigators during the past 30 
years. The earliest studies were concerned primarily with the role of inhaled patho- 
gens in the etiology of lung infections. Other investigations have been stimulated 
by the roentgenologic use of radiopaque media and the employment of aerosols as 
therapeutic and chemical warfare agents. The findings of these investigators are 
pooled in the literature with the work of still another group, those who have studied 
the mechanisms of pulmonary retention in order to better understand the cause and 
the prevention of the many industrial diseases that owe their origin to the contami- 
nation of air with noxious dusts and fumes. This paper will review the existing 
literature concerning the fate of inhaled particulates, with particular reference to 
such factors as may influence the risk from their radioactive properties. 

In many respects the influence of ditferences in pulmonary retention, distribu- 
tion, and elimination of an inhaled aerosol are of equal significance whether the 
aerosol be toxic, radioactive, or pneumoconiosis-producing. However, in some 
respects the very factors that may potentiate the action of a toxic aerosol may inhibit 
its ability to produce radiologic injury. Similar distinctions must often be made 
in considering the risk from an aerosol capable of causing systemic intoxication as 
opposed to one which is basically pneumoconiosis-producing. For example, whether 
the properties of the dust are such as to facilitate its penetrating to the alveoli may 
he decisive in determining the ability of a particular quartz dispersion to produce 
silicosis, but if the substance is both very soluble and capable of producing systemic 
intoxication, the site at which it 1s deposited in the lung is likely to be of small 
Importance, because absorption may occur from epithelial surfaces anywhere within 
the lung. Other similar examples could be cited and would serve to caution against 
broad generalizations which relate the relative hazards of an aerosol to its physical 
properties, 


DEPOSITION OF PARTICULATES WITHIN THE RESPIRATORY SYSTEM 

From theoretical considerations, which appear to be amply confirmed by experi- 
ment, one may consider that particulates can be deposited within the respiratory tract 
in one or more of the following ways: 


Mr. Eisenbud is Director, Health and Safety Division, United States Atomic Energy 
Commission, New York Operations Office. 
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(a) Inertial Impaction: This is an important mechanism in the nasal airways 
and in the upper lung (above the secondary bronchi), where the air is moving at 
relatively high velocity (>50 em./sec.), and particles may be impacted on the 
mucoid bronchial lining by sudden changes in direction of the air stream at the 
numerous bifurcations of the bronchial tree. The larger particles are more likely 
to be separated in this way, the inertial effect on the particle being proportional to 
pd* where p = density and d = diameter of the particle. 

(>) Sedimentation: In the deeper portions of the lung, where the passageways 
are minute and the air velocities considerably reduced (1 cm./sec. in a respiratory 
bronchiole), gravitational settling is an important factor in the deposition of particu- 
lates. Again, more massive particles tend to be favored, but within these reaches 
of the lung the population of particulates includes only those that have survived 
the inertial influences of the upper respiratory tract where the more massive particles 
have been removed. 

(c) Brownian Motion: There is so little air movement within the alveolar 
spaces of the lung that for particles too small (about 0.1 ~) to be influenced by 
gravitational settling, Brownian motion may be regarded as the one remaining 
mechanism which assists in deposition. 

It is clear that mass is the property of a particle that is most likely to influence 
the site of its deposition, and that for an aerosol in which the particles are approxi- 
mately of equal density, particle size is the single variable that remains to be 
considered. 

The intrapulmonary distribution of inhaled particulates has been studied by a 
number of investigators, using both humans and lower animals. 

The earliest studies were associated with the pneumoconiosis investigations 
conducted during the first quarter of this century. McCrae,’ who examined the 
lungs of six South African silicotics, reported in 1916 that the great majority of 
the dust particles were smaller than 1 » and that no particles larger than 12 » were 
observed. Watkins-Pitchford,' who examined seven silicotic lungs, reported that 
particles smaller than 1 » were difficult to identify (although most certainly present ), 
and he therefore confined his observations to the larger particles. He observed 
one particle whose dimensions were 30 by 24 ». The median dimensions of 100 
particles were 2.18 by 6.13 ». These did not include the single large particle, but 
the median dimensions are much higher than they would be if particles smaller 
than | » were included. 

J. Moir,’ who served with McCrae and Watkins-Pitchford on the Miners’ 
Phthisis Committee of the Union of South Africa, also reported on his measure- 
ments of the particle size of the dust deposited in silicotic lungs. He observed that 
the great majority of the particles were smaller than 1 » and that this portion 
of the dust population constituted about 70% of the whole. Presumably he was 
writing of the numerical proportions, but this is not clear. His measurements 
extended down to 0.3 ». He estimated that &- particles occur in a ratio of about 
1: 2,000. Two particles 14 by 3% pw and 13 by 3% yp were observed. Moir 
estimated that the occurrence of particles as large as these was approximately 10°. 


1. General Report of the Miners’ Phthisis Committee, Union of S. Africa, 1916. 
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Philip Drinker * studied the dust contained within endothelial cells in the sputum 
of a worker from a dusty trade. The mass median diameter of 251 particles was 
about 1 w~. More recently, Bedford and Warner * reported on the particle-size 
distribution of dust in a silicotic lung and observed that approximately 0.4% of the 
particles were larger than 5 ~; 86% of the noncarbonaceous particles were smaller 
than 

The observation that relatively large particles are found occasionally in the lungs 
Is of some significance. In the causation of silicosis the presence of a single large 
particle may be of no importance in contrast to the enormously greater number of 
particles whose mass is in the ratio of 10% to 10". However, in considering the 
potential risk from inhaled radioactive particulates, there is obvious meaning in 
the tact that particles in the range of 10 to 20 » can occasionally be deposited in 
the alveolar structure of the lung. 


Pane 1—Suwmmary of Studies of Human Retention of Aerosols Within Respiratory Tract 
Retention, % 
Particle 
Investigator Type of Dust Size, u Over-All Oral Nasal 

Lehmann, KB, and others: Arch. Hyg 

7$:152, 1912 White lead ; 79 15 
Sayers, Ro and others: R. 1 661, 

S. Department of the Interior, 

Bureau of Mines, December, 1924 Lead fume <—10 15 


Drinker, Po: Thomson, R. M., and Finn, 
J. J. Indust) Hyg. & Toxicol 0: 


13, 192s ZnO (fume) o4 
ZnO (dust) O15 
Cas 03-6 
Brown * Meo <1.5 
O62 6 73 
vah Wijk and Patterson Mine dust 0.2-5.0 
Landahl and others Triphenyl O.1146.3 
phosphate See fizure 
Wilson and LaMer ® Nat'l 0.4-5.2 
Brown, Hateh, and others China elay O.294-5.0 | 


\ number of investigators have studied the deposition of inhaled particulates 
in the different regions of the human respiratory tract. Their findings are reported 
in Table 1. The investigations of C. E. Brown * provided the first definitive informa- 
tion on many of the physiological factors involved in dust retention, but it remained 
for van Wijk and Patterson ® to demonstrate the marked dependence of pulmonary 
retention on the particle size of the inspired dust. 


RETENTION FOR NASAL BREATHING 


The work of van Wijk and Patterson was concerned with total retention in 
all portions of the respiratory tract, whereas in three subsequent studies other 
investigators have differentiated between upper respiratory and alveolar retention. 
The findings in these studies are summarized graphically in Chart 1. Wilson 
and LaMer® utilized glycerol-coated NaCl mists, which were administered in 

2. Drinker, P.: J. Indust. Hyg. & Toxicol. 7:305, 1925. 

3. Bedford, T., and Warner, C. G.: Brit. J. Indust. Med. 7:187, 1950. 

4. Brown, C. E.: (a) J. Indust. Hyg. & Toxicol. 13:285 and (b) 293, 1931. 

5. van Wijk, A. M., and Patterson, H. S.: J. Indust. Hyg. & Toxicol. 22:31, 1940. 

6. Wilson, I. B., and LaMer, V. K.: J. Indust. Hyg. & Toxicol. 30:265, 1948. 
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uniform particle sizes. Relative deposition in the lower lung was determined by 
radiation measurements, a Geiger-Miuller tube placed in the axilla giving the binodal 
curve shown in the figure. The interaction of the various mechanisms that affect 
alveolar deposition produced a curve with peaks at O.8 and 14 x. 

The general form of this curve was also obtained by J. H. Brown and his 
associates,’ who exposed human subjects to china clay. Retentions in various 
levels of the respiratory tract were differentiated from a knowledge of the dust 
concentrations in the inspired air and in various fractions of the expired air. By 
measuring the CO, concentration in each of the expired-air fractions, the proportion 
of alveolar air could be estimated. 

Landahl and his associates * have provided the most recent information, their 
work having included particles as low as 0.11 ». This study was concerned with 


VAN WUE PATTERSON (TOTAL RETENTION) 
pete 
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LA 


3 
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PARTICLE SIZE OF INSPIRED DUST (MICRONS) 
Chart 1.—Pulmonary deposition of inhaled particulates as a function of particle size. The 


data of van Wijk and Patterson ® are for over-all deposition; the other curves are for alveolar 
deposition. 


mouth breathing, but Landahl and Black * have also reported data on nasal pene- 
tration, and the curve in the figure is not as given by Landahl but was calculated 
from the separate data of the two reports. 
The van Wijk-Patterson over-all retention curve proves to be in surprisingly 
good agreement with the curve predicted from theoretical reasons by Findeisen,”* 
7. Brown, J. H.; Cook, K. M.; Ney, F. G., and Hatch, T.: J. Am. Pub. Health A. 
40:450, 1950. 


8. (a) Landahl, H. D.; Tracewell, T. N., and Lassen, W. H.: A. M. A. Arch. Indust. 
Hyg. 3:359, 1951. (hb) Landahl, H. D., and Hermann, R. G.: J. Indust. Hyg. & Toxicol. 30: 
181, 1948. 

9, Landahl, H. D., and Tracewell, T.: J. Indust. Hyg. & Toxicol. 31:55, 1949. Landahl, 
H. D., and Black, S.: ibid. 29:269, 1947. 

9a. Findeisen, W.: Arch. ges. Physiol. 286:367, 1935. 
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whose calculations were based on careful anatometric data and knowledge of the 
rate at which the lung is ventilated and how dust behaves in a moving stream. 
More recently, Hatch and Hemeon,'” by starting with the van Wijk-Patterson 
curve and by assuming the fine structures of the lung to act as settling chambers, 
calculated a curve for alveolar retention which is in good agreement with the empiri- 
cal curves subsequently developed. Landahl'' has likewise calculated theoretical 
lung-retention curves for various respiratory patterns and has demonstrated good 
agreement with experimental curves which he and his associates obtained. 

The findings in the three studies of lower lung deposition are in satisfactory 
agreement, despite differences in densities of the aerosols, respiration rates, and 
some degree of nonuniformity in the meaning of “alveolar” and “lower lung.” It 
will be noted that all three studies show maximum retention between 1 and 3p. 
The Landahl curve ditfers from the other two in that although, as in the other 
studies, retention diminishes below the maximum, there is a point below which the 
retention again increases. This confirms the earlier predictions of Findeisen. This 
characteristic was not observed by other investigators, possibly because they did 
not extend their studies to particle diameters which were sufficiently small. 

When one considers the ditference in density of the china clay used in the 
studies of Brown, Hatch, and associates and the glycerol-coated NaCl used by 
Wilson and LaMer, the excellent agreement in the findings of the two investigators 
may be regarded as, to some extent, fortuitous. The displacement of the Landahl 
maxima to 3 is inthe right direction with respect to Brown, Hatch, and co-workers 
but is in less satisfactory agreement with the Wilson and LaMer studies, which 
involved particles of comparable density. 

Landahl has shown that retention data obtained with aerosols of different 
density can be made comparable by expressing the particle size as “equivalent 
impaction diameter,” equal to the diameter multiplied by the square root of the 
density. The maxima tor Landahl and associates and Wilson and LaMer are, on 
this basis, essentially unchanged, but the equivalent impaction diameter for maxi- 
mum retention for Hatch and associates is about 2 p. 

The figure indicates excellent agreement among the three investigations of 
lower-lung deposition in the region beyond 2.5 pw. About 20% of the 5 a particu- 
lates are retained in the lung. 

For reasons related to the larger specific surface area of the smaller particles, 
it is generally accepted that the toxicity of an aerosol increases as the size of the 
particles decrease. The ability of BeO to produce acute pneumonitis,'® the toxicity 
of uranium oxide,'* and the capability of SiO. to produce silicosis in animals '* have 
all heen shown to be somewhat dependent on particle size. A similar relationship 
is commonly believed to exist in the evaluation of potential risk from inhaled radio- 
active particulates, but it is worthy of note that this relationship will hold, for nasal 
breathing, only so far as the diminishing particle size results in proportionately 


10. Hatch, T., and Hemeon, W. C. L.: J. Indust. Hyg. & Toxicol. 30:172, 1948. 

V1. Landahl, H. D Bull. Math. Biophys. 12:43, 1950. 

12. Stokinger, H. E.. and others: Arch. Indust. Hyg. 1:379, 1950. 

13. Wilson, H. B.; Sylvester, G. E.; Laskin, S.; La Belle, C. W., and Stokinger, H. E.: 
Indust. Hyg. & Toxicol. 30:319, 1948, 


14. Tebbens, B. D.; Schultz, R. Z., and Drinker, P.: J. Indust. Hyg. & Toxicol. 27:199, 
1945, 
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greater lung deposition: in considering the risk to the lung one must consider 
not only the total energy dissipated within the lung but, particularly in the case of 
alpha emitters, the nonuniform absorption of this energy. For example, consider 
a typical particle-size distribution in which 25% of the dust (by weight) is in the 
range 1 to 2 », and only 2.5% in the range 5 to 6 p. Using Landahl’s retention 
curve (Chart 1), we find that for a dust population of the given particle-size spec- 
trum, 5.2% of the 1 to 2 » particulates and 0.25% in the range 5 to 6 » will be depos- 
ited in the lower lung. Thus, for the lung deposit in the case of radioactive aerosol : 


Activity of deposit in range 1-24 


Activity of deposit in range 5-64 


Assuming uniform specific activity in each range of particle size and noting that 
the activity is proportional to d*: 


(6)° — Number of particles in range 1 


(1)3 > Number of particles in range 5-64 > , 


Number of particles in range lla = 


500 
4,: > Number of particles in range 5-64 > 


320 


This means that particles in the range 5 to 6 » are delivering 1/20.8 of the energy 
from 1 to 2 » particles, but the energy is delivered to 1/320 to 1/4,500 of the tissue 
mass. Thus, for one point of view, the importance of large (>5 m) particles in 
the case of nasal breathing cannot be dismissed altogether. Their true significance 
must await a better understanding of the manner in which the risk to tissue is 
influenced by variations in the distribution of a given amount of an internal emitter. 


RETENTION 


FOR MOUTH BREATHING 


The retention of an inspired aerosol in the case of the mouth breather will be 
somewhat different from that occurring when the inspired air passes first through 
the nasal passages. That significant retention occurs in the nose was first demon- 
strated by G. Lehmann,'® who reported nasal retention of 10 to 70% in studies of 
135 healthy men; 63% of the subjects had nasal retention greater than 40%. The 
particle size of the dust used by Lehmann is not given. Tourangeau and Drinker '* 
reported nasal retention of less than 30%, using finely divided limestone from 
which the larger particles had been removed, but, again, no data are given concern- 
ing the particle-size distribution of their dust. 

Landahl and his associates * have measured nasal penetration as a function 
of particle size. These experiments were conducted with a variety of substances, 


but when the particle size is expressed in equivalent impaction diameters, the data 
fall along a sigmoid curve which is in good agreement with the theoretical curve 
of nasal penetration as calculated earlier by Landahl.'* Nasal penetration is 50% 
at about 6 » and 25% at about 10 w. Penetration at 1 p is about 90%. 

These data emphasize the role of the nasal passageways in protecting the lung 
from penetration by particles larger than 5 ». As a corollary it is apparent that 
mouth breathing will markedly alter the characteristics of the pulmonary retention 
curve. Recent data for mouth breathing as reported by Landahl and associates “ 


are given in Chart 2. The relationship of particle size versus retention is plotted 


15. Lehmann, G.: 


J. Indust. Hyg. & Toxicol. 17:37, 1935. 
16. Tourangeau, F. J.. and Drinker, P.: J. Indust. Hyg. & Toxicol. 19:1, 1937. 
17. Landahl, H. D.: Bull. Math. Biophys. 12:161, 1950. 
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for three distinct respiratory patterns. The deposition of particulates in the deeper 
portions of the lung is represented by the upper two quarters of the expired air 
samples. In the absence of the nasal passageways, the retention of particulates in 


all portions of the respiratory apparatus increases with particle size from 0.5 p to 
6.3 p, the upper limit in these studies. 


EXPERIMENTAL 
4 SEC. CYCLE 
450 c¢.c. TIDAL AIR 


° 


RETAINED 
° 


4. 
PARTICLE SIZE (ju) 


EXPERIMENTAL 
8 SEC. CYCLE 
900¢c.c TIDAL AIR 


e 
T 


e 


% RETAINED 


1.0 
PARTICLE SIZE (ji) 


EXPERIMENTAL 
12 SEC. CYCLE 
1350 ¢.c. TIOAL AIR 


% RETAINED 


PARTICLE SIZE (ji) 


Chart 2.—Per cent retention in lungs of human subjects as a function of particle diameter in 
microns (impaction equivalent). Results are given for three respiratory patterns. In each 
graph the upper curve represents the total retention; the lowest represents the retention due to 
the first fraction (14) of the expired air. (Reprinted with permission from Landahl, Tracewell, 
and Lassen.™") 


Referring again to the typical aerosol of the earlier calculation, and using the 
upper two fractions of Landahl’s curve for the four-second cycle to represent alveolar 
retention, we tind that alveolar retention is 15% for 1 to 2 particles and 45% 


for 5 to 6» particles. Alveolar deposition will thus approximate (0.15) (23% ) 
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4% in the range 1 to 2 w and (2.5% ) (0.45) [ 1% in the range 5 to 6 ». Thus, 
for the mouth breather, one finds that for an aerosol in which the amounts of 1 to 
2 » particles and 5 to 6 p» particles are in the ratio of 25/2.5—10, the ratio as 
deposited in the lung is approximately 4. As before, the energy from the 5 to 6 pu 
particles is delivered, in the case of alpha emitters, to a very much smaller volume 
of tissue. 

NONUNIFORMITY IN LUNG DEPOSITION 

Calculations of the radiological dose from an internal emitter are ordinarily 
based on the assumption that the substance is distributed uniformly throughout the 
organ. This assumption is not a valid one, but there exists at the present time 
only sparse data with which to estimate the nonuniformity of deposition at any time 
during or after cessation of exposure. Moreover, there is virtually no information 
with which one can judge quantitatively the difference in risk of injury because 
a given amount of radioactive energy is absorbed in, for example, one quarter of 
an organ rather than in all. With respect to the lung, there is evidence that the 
different tissues within the organ differ in their radiobiologic response. Thus, the 
risk to the lung from a given burden of radioactive dust may depend on the manner 
in which the dust is distributed within the organ, not only because an uneven distri- 
bution results in greater irradiation of one part of the lung as compared with the 
average dose to the whole lung but because there may be differences in the relative 
biological effectiveness of the dose to bronchial epithelium as compared with, for 
example, that to lymphatic tissue or alveolar epithelium. 

Detailed information concerning the distribution of particulates within the pul- 
monary structures is thus pertinent to the question of risk from inhaled radioactive 
particulates. As noted earlier, however, there is as yet little available information. 
Stokinger and associates '* found preferential retention in the superior right lobe 
of rats exposed to U;O, and UO. Hodge and associates '* have reported a four- 
fold concentration of UF, in the pulmonary lymph nodes of dogs, and approximately 
a twofold concentration in the pulmonary lymph nodes of dogs exposed to UQOs. 
Similar data are lacking for the human lung. 


ELIMINATION OF PARTICLES FROM THE LUNG 


When an aerosol has been deposited, within the pulmonary tract, the manner 
in which the particulates are eliminated is the next physiological process that must 
be known if the radiologic hazard is to be assessed. 

Dust which has been deposited within the respiratory tract may be removed 
by phagocytosis, ciliary action, or by its solubility in lung fluid. 

Fenn *” found that the rate of phagocytosis for any given material is proportional 
to the probability of a collision between a particle and a cell, the process thereby 
favoring the larger dust particles. There is some degree of selection and rejection 
as shown by experiments in which he demonstrated that rat leukocytes will ingest 
carbon about four times as readily as silica. Robertson in his informative review 


18. Stokinger, H. E.; Steadman, L. T.; Wilson, H. B.; Sylvester, G. E.; Dziuba, B. S., 
and Ia Belle, C. W.: A. M. A. Arch. Indust. Hyg. 4:347, 1951 


19. Hodge, H. C.: RAP, UR-67, Rochester Atomic Project, University of 
Rochester, N. Y., April, 1949, 


20. Fenn, W. O.: J. Gen. Physiol. 3:439, 465 and 575, 1921. 
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of phagocytosis *! called attention to the observations of others * that carbon- 
hearing macrophages migrate more slowly into the lymphatics than those bearing 
silica, That removal of particulates from the alveolar portions of the lung is a 
slow process was emphasized by the work of K. Scott and associates.** Plutonium 
particles were abundantly present within the alveolar structures of rat lung 64 days 
alter exposure 

Following the engulfment of particulate material, according to Robertson, a 
phagocyte may wander into the alveolar duct and become available to the action 
of the ciliated epithelium, or may enter the lymphatic system and be deposited in 
a pulmonary lymph node. Scott and co-workers, in their studies involving radio- 
active aerosols, found the former mechanism to be dominant. No large amount 
of material was found in the lymphatic system, but material continued to be elimi- 
nated from the bronchial tree for as long as eight months after termination of 
exposure 

Particulates that have not penetrated beyond the terminal bronchi are removed 
from the lung with comparative rapidity. According to Barelay and Franklin,” 
particles will be swept upward at a rate of 0.25 to 1 em. per minute in the bronchi 
and at a rate as high as 3 em. per minute in the trachea. The effect of radio- 
activity on the rate of transport furnished by the ciliated epithelium has not been 
studied 

Phe role of solubility in the clearance of the lung of particulates of low solubility 
is not discussed quantitatively in the literature, It is well known that soluble sub- 
stances are cleared from the lung with comparative rapidity, but solubility ts not 
ordinarily considered to play an important role when dusts such as UQ,, SiOz, and 
other oxides are concerned. These materials have solubilities in body fluid of the 
order of 10 to 100 ppm, being far from “insoluble” when one considers the finely 
divided state in which the particulates exist, the relatively large reservoir of body 
Huid, and the ability of the normal excretory Processes to maintain concentrations 
in body fluids at levels well below saturation. The mechanism by which deposits 
are removed from pulmonary lymph nodes does not appear to have been investigated. 
Phat the dusts of low solubility do not reside permanently in these nodes is suggested 
by the relatively small amounts of mineral dusts recovered from the lungs of 
workers who have spent most of their lives in the dusty trades. The 10 to 20 gm. 
of mineral ash that one finds in the lungs of a silicotic is probably no more than 
1 of the dust deposited within his lungs during his working history. Hodge and 
associates,!” in discussing the results of chemical analysis of dogs exposed to UQOs, 
suggest a biological halt-lite of 100 days for UO, from pulmonary lymph nodes. 
The possibility that the deposits within the nodes are slowly, but etfectively, leached 
by body thids seems worthy of study. 

Stokinger and associates '* found the biologic half-life of UO. (0.45 «) from rats 


to he 250 days compared with 90 days for UsO, (2.6 «). Hodge and associates,’” 


Robertson, O. H Physiol. Rev. 24:112, 1941 
22. Haythorn, S. R 1. M. Res. 29:256, 1913-1914. Cappell, D. F.: J. Path. & Bact. 32: 


1929 


23. Seott, K. G.; Axelrod, D.; Crowley, J.. and Hamilton, J. G Arch. Path. 48:31, 
1949 


24. Barelay, A. F.. and Franklin, K. J.: J. Physiol. 90:482, 1937. 
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ty 


on the basis of a limited number of data from dogs exposed to UQOg, reported a 
60-day biologic half-life of UO, from lung compared with 100 days for that from 
the pulmonary lymph nodes, as mentioned earlier. 


Dutra and co-workers ** studied the persistence of beryllium oxide in rat lung. 


His data suggest a biologic half-life of the order of 150 days. There is conspicuous 


variability in the amounts of beryllium retained in the lungs. 


kK. Scott and associates 2° exposed rats to fume (less than 1 ») of various fission 
] } 


products, uranium, and plutonium. His studies of the rate at which these were 


eliminated from the lung suggest that their elimination may take a complex form 


in which the rate of elimination at any given time after exposure would depend 


on which of several possible eliminative processes is dominant. It is noteworthy 


that Scott and associates found similar clearance rates for all of the compounds to 


which their rats were exposed. Confirmation of this observation would greatly 


simplify the problem of estimating radiologic risk. There is as yet no information 


Paste 2—Comparison of Proportion of Metallic Constituents of Low Solubility in 


Atmospheric Fume and the Lung 


Ratio of 
Composition Constituents to Mno 


Air* 


Lungt Air Lung 


SiOe 


19 2 
AleOs 33 7 


33 
TiOs.. 0.00 0.29 0.26 
ZrOz : 0.12 0.21 0.063 0.19 
Mn... ‘ ‘ 19 11 1.6 1.0 


* Per cent of total particulates 
+ Per cent of ash 


on the conditions which must be satisfied in order for the lung-clearance rate of 


two compounds to be of similar order. 


If one examines the data of Jephcott and associates as reported in “The Fume 
Exposure in the Manufacture of Aluminum Abrasive from Bauxite,” 


one finds 
evidence of a similarity of lung clearance rates for substances of low solubility. 


In 
reporting on the occurrence of Shaver’s disease, the authors give the chemical 


analy sis of both the fume to which the employees were exposed and the lungs of 


employees on whom autopsies were made after many months of exposure to this 


fume. Table 2 has been constructed from their data and compares the proportion 


of metallic constituents of low solubility in the atmospheric fume and in the lung. 


Only the constituents which do not normally occur in significant amounts in air 


or tissue have been included. It will be noted that there is a marked similarity 


in the ratios of these constituents, again suggesting that the rate at which they are 
cleared from the lung is of the same order. 


It has previously been mentioned that the risk to the lung from a given deposit of 
radioactive particulates will depend to some extent on how the material is distributed 


in the lung. The path by which the particulates are transported within the pulmonary 


25. Dutra, F. R.; Largent, E. J.; Cholak, J.; Hubbard, D. M., and Roth, J. L.: A. M. A, 
Arch. Indust. Hyg. 4:65, 1951. 

26. Jepheott, C. M.; Johnston, J. H., and Finlay, G 
145, 1948. 
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structure after deposition and the length of time the material resides in the various 
portions of the lung are factors which must likewise be considered ultimately in 
estimating radiologic dose and the possibility of injury to the organ. 


It is unfortunate that investigators in the field of toxicology and pneumoconiology 
have not needed to include rates of lung clearance in the course of the many excel- 
lent inhalation studies that have been conducted during the past 25 years. Were 
this not so, there would exist an abundant heritage of information with which to 
estimate clearance rates of radioactive particulates. There is at present scant 
information. 


PARTICLE-SIZE SPECTRA OF AIR-BORNE DUST 


The information reported earlier concerning the retention of inhaled particulates 
as a function of particle size assumes practical meaning only when studied in 
relation to the particle-size distribution of air-borne dust. 

The upper limit of the particle-size spectra is fixed in most cases by the rate 
at which particulates settle by gravity. A 10 p» particle of unit density will settle 
at a rate of approximately 0.6 ft. (18.28 cm.), per minute, compared with 0.007 ft. 
(0.21 em.) per minute (5 in. [12.7 em.] per hour) for a 1 m particle. At O.1 p 
the particle behaves almost like a gas molecule and is subject to Brownian movement 
but not to gravitational settling. The rapid settling of the larger particles tends 
to clear the air of them, whereas particles smaller than 1 , remain air-borne for 
considerable periods of time. Thus, a sample collected close to the place of its 
formation will contain a higher percentage of relatively coarse (3 to 10 w) particles 
as compared with a sample collected a short distance away. In the breathing 
zone of workers, mass median diameters of the order of 5 » are sometimes observed, 
although mass median diameters of 2 to 3 y are more usual. The general air 
of the workroom a few feet from the Source is likely to contain dust having 
a mass median diameter of 1 to 2». Industrial dusts are, in most instances, 95% 
by weight smaller than 5 ». The mass median diameter is usually well within 
the range for maximum alveolar retention (1 to 3a) as given in Chart 1. The mass 
median diameter of fumes is often less than that of dusts. 

\lthough classification by settling ordinarily governs the upper size limit of 
industrial dust, this will not always be so in the case of dusts which have been 
dispersed in the open air under unusual meteorologic conditions. A century ago, 
Darwin ** called attention to the occurrence of dustialls on ships at sea a thousand 
miles from land. He examined dust which was deposited on the Beagle when it 
was 300 miles from land, and a microscopic examination of the particles showed 
that some were as large as 1 mm. in diameter. 

In dustfalls reported within the continental United States, according to a number 
of investigators, relatively large particles have been transported over distances of 
the order of 1,000 miles (1,600 kilometers). Winchell and Miller ** observed such 
particles as large as 1 mm. (1,000 »), although the bulk of the particles were in 
the range 5 to 25 ». In instances such as these the turbulent properties of the 
atmosphere are such that the gravitational influences are largely negated. 


27. Darwin, Naturalists Voyage Around the World in H. M. S. Beagle, London, 
Oxtord University Press, 1931 


28. Winchell, A. N., and Miller, FE. R.: Mo. Weather Rev., pp. 502-506 (Nov.) 1918. 
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With regard to the lower limit of the particle-size spectrum, Gibbs ** believed 
from theoretical reasons that there is a lower limit to the size of dusts formed by 
disintegrations due to surface tension forces acting upon the particle during its 
formation. Prior to the advent of electron microscopy and on the basis of observa- 
tions of various mineral dusts, Green *® was of the opinion that there was only a 
negligible probability of the occurrence of particles smaller than 0.2 ». More 
recently, the electron microscope has made it possible to explore the region below 
0.1 », and there is abundant evidence of the occurrence of particles even as small 
as 0.01 ». On a numerical basis the proportion of particles in the range below 
0.1 » is frequently enormous in relation to the number of particles above 1 x. 
However, because the mass of a particle decreases with the cube root of its diameter, 
the occurrence of the particles smaller than 0.1 » represents only a small fraction 
of the total mass of the aerosol. 
CONCLUSIONS 
1. The way in which particulates are deposited within the respiratory tract 
is influenced variously by particle size, depending on whether an individual breathes 
through the nose or through the mouth. 

(a) For nasal breathing, deposition within the alveolar structure of the lung is 
maximum in the range of | to 3 w. Larger particles tend to be deposited in the 
upper respiratory passages. Deposition diminishes with decreasing particle size 
to 0.1 », below which it has been shown that Brownian motion tends again to increase 
deposition. 


(b) For mouth breathing, deposition within the alveolar portion of the lung is 
minimum at about 0.5 » and increases for both smaller and larger particle sizes. 


(c) Large particles { >5 y), though few in number, are possibly of importance 
in relation to radiologic risk from alpha emitters because of the relatively small 
volume of tissue in which the radiations are absorbed. The radiation from a 10 » 
alpha emitter is absorbed in one-thousandth the tissue volume that absorbs the equiv- 
alent energy delivered by | « particles of similar specific activity. 

(d) Particles in the range of maximum retention for nasal breathing (1 to 3 ») 
comprise the largest portion, by weight, of the particle-size spectra of the aerosols 
most commonly encountered. 


2. In order to provide a more rational basis for estimating the risk of lung 


injury from inhaled radioactive particulates, considerable experimental information 
must be obtained. The sites of deposition as a function of time after exposure, the 
relative radiosensitivity of the various lung tissues, the path and the rates of lung 
clearance, and the significance of nonuniformities of the pattern of tissue irradiation 
are among the subjects which appear to warrant intensive investigation. 


. Gibbs, W. E.: J. Soc. Chem. & Indust. 54:1042, 1932. 


30. Green, H. L.: Tr. Faraday Soc. 32:1091, 1936. Davies, C. N.: Brit. J. Indust. Med. 
5, 1949. 
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RAPID ANALYTICAL METHOD FOR AIR-POLLUTION SURVEYS 


The Determination of Total Particulates and the Rapid Semiquantitative Spectrographic Method 
of Analysis of the Metallic Constituents in High-Volume Samples 


R. G. KEENAN, MS. 


AND 
D. H. BYERS, MS. 
CINCINNATI 


ie CONNECTION with the over-all study of the atmospheric-pollution problems 
in the Detroit-Windsor, Ont., Canada area, an exploratory regimen of sampling 
the general air was undertaken to obtain background material for subsequent bio- 
logical and engineering investigations. We wished to obtain from these samples 
qualitative and semiquantitative data on the inorganic air pollutants for assistance 
in medical planning and interpretation, correlation of variations with meteorological 
iactors, knowledge of variations in pollutants and concentrations with regard to 
location, and estimation of the relative contributions of certain industrial sources 
of pollutants 

Within serious limitations of time, budget, and personnel, a maximum of data 
ior statistical study was sought. Therefore it was decided to concentrate on par- 
ticulate contaminants containing metallic elements and to conduct semiquantitative 
estimations of the metals by a spectrographic procedure. Samples were collected 
daily for six weeks at 31 stations. The somewhat more than 1,200 samples were 
submitted to our laboratory for the estimation of 21 elements in each. 


METHOD OF SAMPLING 


The sampling apparatus used was a modification of the sampler described by Silverman and 
Viles \ vacuum-sweeper motor mounted in a special housing drew air through a pleated-paper 
filter at a Ingh rate of flow, which was measured by an orifice meter on the discharge side 
The filter was a type-S unimpregnated filter secured from the Mine Safety Appliance Company. 
Phe filters were about 34, in. (9.5 em.) in diameter and 1 in. (2.5 cm.) high and were pleated 
in concentric rings. Silverman and Viles reported collection efficiencies of 68% for tobacco 
smoke and 999% for certain dusts and fumes when collected on these filters at a flow rate of 
60 cu. ft. (1.7 cu. m.) per minute 

In our study the samplers were suspended about 10 ft. (3 meters) above the ground from 
arms attached to telephone poles. The flowmeter was read at the beginning and the end of 
each sampling period. The average rate of flow was determined from a calibration chart for 
each instrument. Samples were usually collected for approximately 24 hours. From = data 


available, it is believed that the average sampling rate was not more than 15% in error. Rates 


Sanitarian (R) G. Keenan); Senior Scientist (D. H. Byers). 

From the Division of Occupational Health, United States Public Health Service 

Presented at the Thirteenth Annual Meeting of the American Industrial Hygiene Associ 
ation, Cinemnati, April 24, 1952 

1. Silverman, and Viles, Jo: A High Volume Air Sampling and Filter Weighing 
Method for Certain Aerosols, |. Indust. Hyg. & Toxicol. 30:124 (March) 1948. 
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of flow varied trom 30 to 75 cim (0.85 to 2 cu. m./min.), with an average of M) cfm (1.4 cu. 


m./min.). The average sample represented 100,000 cu. ft. (2.832 cu. m.) of air. 


WEIGHING 


PROCEDURE 


Silverman and Viles reported that the filter weights were reproducible to = 0.5 mg. To 
accomplish this they dried the filter at 111 ©. for 16 hours, and then weighed it at 111 C. im 
a specially constructed balance having one pan suspended in the oven. The precision was greater 
than we needed and was more time-consuming than we could afford. It was necessary to develop 
a more rapid weighing procedure with some sacrifice of accuracy 

After drying in the oven, filters exposed to the atmosphere gained moisture much too rapidly 
for weighing. Therefore, we secured covered salve cans 345 in. (9.5 em.) in diameter and 1% in. 
(3 cm.) high in which to place the filter for weighing. In the covered cans the filters could 
be weighed to the nearest milligram without difficulty. These cans also served admirably as 
shipping containers for the filters before and after sampling 

The filters were placed in uncovered cans which were then stacked in a drying oven at 110 C. 
Upon removal from the oven the cans were immediately covered and transferred to a desiccator 
to cool. After cooling tor 30 minutes, they were weighed 

Experimental work with the filters showed that when heated at 110 C. the filters lost 
weight rapidly at first, then more slowly until after 16 to 24 hours a relatively constant weight 
(= 3 mg.) was obtained. Fairly reproducible results were obtainable with any given drying 
period. In one experiment a set of filters was dried for two hours, cooled, and weighed, then 
allowed to stand over water for several hours. The drying and weighing were then repeated. 
This cycle was repeated a number of times and the greatest difference from highest to lowest 
value for any filter was 20 mg. In consideration of the size of the samples to be collected such 
a variation was considered permissible. A group of filters dried and reweighed after several 
months varied less than 20 mg. from their original weight 

In the actual conduct of the study, filters sent into the field were dried for two hours at 
110 C. and weighed as described. Upon return of the filter, the filter plus sample was dried and 
weighed in the same manner. The difference was taken as the weight of the sample. The samples 
weighed from 0.2 to more than 1.5 gm., with an average of 0.7 gm. A variation of 20 mg. was 
therefore a maximum of 10% in error and less than 5% tor most of the samples. Of course, 
any material volatilized at 110 C. was driven off and not included. This was not considered 
serious for the metallic constituents 


SAMPLE 


RECOVERY 
\ccording to Silverman and Viles, the type-S filter could be ashed without serious contamina 
tion of the sample. While this was true for industrial exposures such as they were considering, 
it did not hold true for our atmospheric-pollution samples. Several metals were present in the 
filter in larger quantities than were later found in the pollution samples. Therefore, ashing of 
the filters was not feasible. Washing of the filters with water or acids also removed excessive 
quantities of metals from the filter. Washing of the filters with aleohol was tried, and only 
calcium gave a detectable blank by this procedure. 

A standard washing procedure was established. The filter was placed in 250 ml. of redistilled 
95% ethyl alcohol in a 1-liter beaker. It was thoroughly agitated by rotary and vertical motion, 
after which it was immersed, removed, and squeezed-out about 3C times. Then the filter was 
transferred to another beaker with 250 ml. of fresh alcohol, and the procedure was repeated. 
A rubber glove was worn by the chemist while performing this operation; the gloved hand was 
rinsed with alcohol from the wash bottle between successive filters. The filters were air-dried 
and saved for subsequent weighing. The alcohol washings were combined. evaporated, and 
wet-ashed for analysis, as will be described later 

Twenty unused filters selected from several batches were dried 16 hours and weighed ; then 
they were washed by the foregoing procedure. The washed filters were air-dried for two to five 
days before again being dried 16 hours at 110 C. and reweighed. The filters lost an average of 
41 mg. in weight. When the alcohol washings were evaporated to dryness in a weighed pyrex® 
dish, the residues averaged 39 mg. per filter. 

We found that this air-drying and prolonged heating were necessary to remove the alcohol 
from the filters. Apparently some chemical or surface activity tended to retain alcohol in the 
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filters. Fortunately, the weight of alcohol retained did not vary greatly between filters. It was 
thus possible to establish a correction factor for the calculation of the weight of sample removed 
by the washing procedure. Twenty-nine samples were selected at random and washed by the 
standardized procedure. The alcohol washings were evaporated in weighed, 125-ml., pyrex,® 
Phillips beakers. The residue was dried at 110 C. and weighed. This residue weight was checked 
against the weight of sample removed from the filter as calculated from the corrected final weight 
of the filter. The average difference was 23 mg. The portions of the samples removed from 
these filters varied from 60 to 90%, with an average of 72%. 


SEMIQUANTITATIVE SPECTROGRAPHIC METHOD 


It was anticipated that a considerable number of the metallic constituents would be present 
in the particulate material samples in extremely low or trace concentrations. Since it would have 


been extremely difficult to effect clean-cut chemical separations of most of these trace elements, = 
it was decided to develop and to apply a rapid spectrographic procedure for this work. Further- 
more, time did not permit the development of an individual spectrographic quantitative method 
jor each of the 21 elements subsequently estimated in each sample. Therefore, we developed 
a semiquantitative procedure which was based upon the visual comparison of the sample spectro- 4 
grams and the spectrograms prepared from a series of standard solutions. This comparison of = 
specific line spectra was made in a Jarrell-Ash, Model 200, comparator-densitometer; this 


TaBLe 1.—Concentrations of Certain Elements in the Standard Solutions 
(Micrograms per 0.05 ML) 


Standard Detectable 


Solution in Sample 
Factor 16 8 7 6 1 Spectrograms 
100 “4 38 < 6 
200 100 88 75 13 <18 
60 30 26 23 4 <4 
Elements pp. 0 18 15 25 0.6 
Mn 30 15 13 2 0.5 
| Be 4 2 1.8 1.5 0.25 0.05 


instrument facilitated the comparing of spectrograms on standard plates with those on the sample 
plates by projecting them into juxtaposition and magnifying the projected spectral-line images. 
In order to prepare a series of standard solutions whose spectrograms would contain the 
individual line spectra of all of the desired elements over the proper concentration ranges, we : 
subjected the first few samples to a qualitative spectrographic analysis. These analyses gave ~ 
us an idea not only of which elements were apt to be present in subsequent samples but also ; 
of their relative quantities. By means of this information we calculated the possible concentration 
ranges for each of 24 different elements. The upper limit of each range was doubled in the 
case of certain elements, such as aluminum, iron, and silicon, to ensure sufficiently wide ranges 
tor all samples. The initial standard solution was prepared from A.C.S. grade salts of the 24 
elements, and eight dilutions of this initial solution were prepared after subjecting the latter 
to the same wet-ashing procedure to be applied to the samples. The concentration ranges involved 
in the case of a few of these elements are illustrated in Table 1. 
Che limited data in Table 1 are presented merely to indicate the concentration ranges involved. 
Thirteen of the 24 elements were present in the nine standard solutions in the same range as r 
that shown for beryllium. These include such metals as nickel, chromium, antimony, barium, 
cobalt, tin, vanadium, and cadmium. <All quantities are expressed in terms of micrograms per 
0.05 ml, since that is the volume of standard solution transferred to the graphite electrode for 
spectrographic exposure. All exposures and developmental conditions were maintained as constant 
as possible for the preparation of both standard and sample spectrograms. 


PREPARATION OF SAMPLE SPECTROGRAMS 


\s described previously, the samples were removed from the filters by agitation in redistilled 
alcohol. The alcohol suspensions were evaporated just to dryness, wet-ashed with a mixture 
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of concentrated nitric and sulfuric acids, then treated with equal volumes of concentrated hydro- 
chloric acid and water. A portion of the sample ash was insoluble. However, all samples were 
made up to a volume of 10 ml. in a volumetric flask, mixed thoroughly, and the insoluble 
material suspended by shaking immediately prior to the removal of the portion taken for spectro- 
graphic exposure. An indication that a fairly representative portion of the insoluble material 
was transferred to the electrode has been obtained by the agreement of results of silica determina- 
tions by both spectrographic and chemical methods on duplicate portions of the same samples. 
A micropipet assembly was used to load all electrodes. Spectroscopically pure electrodes 


were used for the exposures in all regions of the spectrum except that in which beryllium and 
cadmium were read. The loaded electrodes were dried at 105 C. for one hour, then exposed 
in the 220-volt D.C.-are source of a large Littrow spectrograph with quartz optics. Exposures 
in three spectral regions were required to cover the 2,200 to 4,600 A. region. The exposure 
periods and the slit widths were fixed for the specific regions. Eastman III-O plates were used 
for the 2,250-2,850 and 2,500-3,200 regions; III-F plates were used for the 3,200-4,600 region 
Plates were developed and fixed at 68 F. Twenty-three sample spectrograms were recorded 
on each plate. After washing for 30 minutes, the plates were air-dried and read in the comparator- 
densitometer. 


TABLE 2.—Comparison of Iron Determinations 


Thiocyanate 
Spectrographie Ether 
Semiquantitative Extraction 
Determination, Determination, % Accuracy of 
Sample Me. Fe Meg. Fe Spectrography 


Mean. 


A dozen samples which had been analyzed by this semiquantitative spectrographic method 
were selected at random for chemical analysis in order to evaluate the accuracy of the spectro- 
graphic procedure. Since specific methods exist for the separation and estimation of iron and lead 
and since iron was usually a major and lead a minor constituent, it was decided to determine 
chemically these two elements and compare the results with the spectrographic results. Lron 
was separated by a thiocyanate-ether extraction at the optimum pH (slightly less than 1). A weak 
nitric acid solution was added to the extract and the ether partially evaporated. More nitric 
acid was added, and finally the resulting aqueous suspension was wet-ashed. The white residue 
was dissolved in a predetermined quantity of nitric acid and hot water, diluted to yield the 
optimum pH, and a portion taken for thiocyanate estimation in Nessler tubes. In Table 2 the 
results of these iron determinations are compared with those obtained spectrographically. 

The aqueous portions remaining after the removal of iron were wet-ashed with nitric acid. 
The lead was extracted by a dithizone procedure and the quantity of lead estimated by chromate 
titration. The results of these lead determinations compared with those obtained spectro- 
graphically are shown in Table 3. 


COMMENT 


This semiquantitative spectrographic procedure does not provide the accuracy 
of either chemical or quantitative spectrographic methods. It is not our contention 
that it should. This procedure, however, did accomplish our purpose in this explora- 
tory study. As carefully applied under rigid control of spectrographic exposure 
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conditions, the method vielded results which were adequate for statistical analysis 
to obtain the desired information for the epidemiologic and engineering planning. 
These results of 21,000 determinations were obtained in a period of four months 
with a staff of two professional workers and one subprofessional worker. 


Taste 3.—Comparison of Lead Determinations 


Spectrographie Chromate 
Semiquantitative Titration 
Determination, Determination, | Accuracy, 
ample Me. Pb Mg. Pb Spectrography 
4 O15 ole 144 
is O15 0.180 RS 
1 0.25 131 
17 0.65 0.606 107 
OHS 0.758 
71 0.75 0.578 130 
70 0.90 0.788 122 
0.90 
Mean.... . 108 
Taste 4.—Concentration of Metallic Elements in Urban Atmospheres 


Average Values in Micrograms 
per Cubic Meter of Air 
Charleston, 
Windsor, Ont., W. Va., and 


Detroit’ Canadat Vicinity? 
Silieon 3.5 64 8.7 
2 Aluminum icskeeneas 3.2 3.0 23 
4 Calcium 2.5 7.8 14 
5 Magnesium an 0.6 09 04 
Lead. 0.7 0.2 
7 Zine 0.3 Abs 
Manganese 62 0.3 0.13 
Copper 0.05 O11 
24.00 0.05 01 0.01 
12) Molybdenum... 0.03 0.05 0.01 
18 Barium 0.01 0.07 0.03 
14 Cadmium oo 0.006 0.002 
15 Chromium 0.008 Trace 
Nickel 0.006 0.08 Trace 
17) Antimony 0.005 Abs Abs. 
Ik Vanadium 0.002 0.000 Trace 
19 Cobalt Trace Abs. 
Beryllium < 0.001 
Total weight 233 2a) 
Metallie elements, 5 
Flements not found . As, Hg, Bi, W As, Sb, Bi As, Co, Hg, Bi, 


Zn, Sb, W 


Averaged results of 1,085 filter-paper samples during a six-week period 
' Averaged results of S82 filter-paper samples during a six-week period 
: Averaged results of © filter samples 


Phis method has also been applied to additional air-pollution samples collected 
in other urban atmospheres with the same sampling procedure. A comparison of 
the average concentrations of the metallic constituents and silicon determined by 
this method in the three areas of Detroit, Windsor, Ont., Canada, and Charleston, 
\W. Va. is presented in Table 4. 
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STUDIES ON THE TOXICITY AND SKIN EFFECTS OF COMPOUNDS 
USED IN THE RUBBER AND PLASTICS INDUSTRIES 


Il. Plasticizers 


F. S. MALLETTE, Ph.D. 
AKRON, OHIO 
AND 


E. VON HAAM, M.D. 
COLUMBUS, OHIO 


INDUSTRIAL ASPECTS 


LASTICIZERS are frequently added to synthetic resins to increase their flexi- 

bility and extensibility. According to Powers,’ they are not so much desirable 
as necessary. Plasticizers serve two important functions *: They reduce the vis- 
cosity of resins at processing temperatures, and they soften the resin at normal 
temperatures, yielding flexible materials. Resins high in vinyl chloride content can 
be calendered or molded only with difficulty, and the addition of a plasticizer greatly 
improves the calendering process. 

Since plasticized vinyl resins are used in hundreds of articles of commerce, the 
choice of the plasticizer depends upon the ultimate use of the compound. Most of 
the plasticizers, especially those used for vinyl resins, are compounds with a high 
boiling point, usually above 200C. For this reason industrial exposure to the 
vapors of these compounds is observed only near the areas cf vaporization. In the 
plants surveyed, the plasticizers are added to the resins in the semidry state and 
mixed in large or small blenders, together with the coloring agents, stabilizers, and 
other ingredients. The mixture is then charged into a Banbury mixer, in which 
the temperatures may exceed 200 C., resulting in some vaporization of the plasti- 
cizer. However, Banbury mixers are usually enclosed and ventilated, and conse- 
quently normally no undue exposure to the vapors can occur. From the Banbury 
mixer the hot mass is dropped onto a mill, from which it may either be sheeted off 
for future use or may be fed directly into the calender. At the mill or the calender, 
large amounts of vaporized plasticizer may escape. For this reason it is advisable 
to hood and exhaust these machines. Condensed plasticizers may reduce the 
efficiency of the exhaust system, so that periodic cleaning of the ducts and fans may 
hecome necessary. During the periods of reduced efficiency of the exhaust system, 
resulting escape of plasticizer vapors, complaints of irritation of the eyes and respir- 
atory tract with occasional reports of headache and nausea, have been received. 

From the Medical Department, The Firestone Tire & Rubber Company (Dr. Mallette), 
and the Department of Pathology, Ohio State University (Dr. von Haam) 

1. Powers, P. A.: Synthetic Resins and Rubbers, New York, John Wiley & Sons, Inc., 
1943. 

2. Reed, M. C.: Survey of Plasticizers for Vinyl Resins, J. Polymer Sc. 2:115, 1947. 
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KEVIEW OF THE TOXICOLOGICAL LITERATURE 


Few data on the toxicity of plasticizers or on their hazard to health are avail- 
able. The gums, oils, and resinous materials, of which there are literally hundreds 
in use as softeners, are almost universally considered nontoxic with the exception 
of certain irritating tars and pitches.’ Orthotricresyl phosphate presents a def- 
inite industrial health hazard. In experimental animals it produces toxic hemor- 
rhages in the lungs, liver, kidneys, and spleen and degeneration of the motor 
nerve cells. The phthalic aeid derivatives (dibutyl and diethyl phthalate) are 
not seriously toxic but may produce skin affections and an anemic condition in 
animals. Vapors of 2-ethylhexyl phthalate have produced delayed death in rats 
with liver and kidney injury.t| Diphenylguanidine was reported as nontoxic to ani- 
mals by Davis,°: who concluded that the conjunctivitis, bronchitis, and dermatitis 
encountered in workers were due to impurities rather than to the compound itself. 
Of the solvent plasticizers used in the synthetic rubber industry, acetone, amyl ace- 
tate, benzene, and benzine have been thoroughly investigated, and it has been found 
that they may exert toxic influences upon the lung, liver, kidney, or blood-forming 
organs. Benzine also has an injurious effect upon the central nervous system. 
Carbitol® (diethylene glycol monoethyl ether) is only slightly toxic unless contam- 
mated with diethylene glycol.® The latter causes kidney injuries leading to anuria and 
uremia.’ Diethylene dioxide (“dioxane”), is a plasticizer for synthetic rubber. It 
is amild pulmonary irritant, and prolonged exposure to it may lead to severe injury 
of liver and kidney.” The various forms of cellosolve® (methyl cellosolve,* methyl and 
diethyl, butyl and dibutyl cellosolve* ) are all ethers of ethylene glycol and are widely 
used as solvent plasticizers for acetyl cellulose, nitrocellulose, and soluble resins. 
They have slight irritating effects on the mucous membranes and toxic effects on the 
kidneys. 

Glycerin is practically nontoxic and causes symptoms only when administered 
in high doses. Lactate (ethyl and butyl lactate) in high doses causes death of 
experimental animals from respiratory paralysis.’ Carbon disulfide and the chlo- 
rinated hydrocarbons are strong narcotics in high concentrations and may act as 
local lung irritants.” Repeated exposure produces nephritis with albuminuria and 
fatty degeneration of the liver. The toxicity of the chlorinated hydrocarbons is vari- 
able, and industrial hazard depends on the volatility as well as on the toxicity of 


3. Hamilton, A Industrial Potsons in the United States, New York, The Macmillan 
Company, 1925. 

4. Shaffer, C. B.; Carpenter, C. P., and Smyth, H. F., Jr.: Acute and Subacute Toxicity 
of Di(2-Ethylhexyl) Phthalate with Notes upon Its Metabolism, J. Indust. Hyg. & Toxicol. 
27:130, 1945 

5. Davis, P. A.: Toxic Substances in the Rubber Industry: XVI. Guanidine Compounds, 
Rubber Age 28:143, 1930. 

6. Hanzlik, P. J.; Lawrence, W. S.; Fellows, J. K.; Induana, F. P., and Laqueur, G. L.: 
Epidermal Application of Diethylene Glycol Monoethyl Ether (Carbitol) and Some Other 
Glycols: Absorption, Toxicity and Visceral Damage, J. Indust. Hyg. & Toxicol. 29:325, 1947. 

7. Lehmann, K. B., and Flury, F.: Toxicology and Hygiene of Industrial Solvents, Balti- 
more, Williams & Wilkins Company, 1943 

&. Barber, H Hemorrhagic Nephritis and Necrosis of the Liver from Dioxane Poisoning, 
Guy's Hosp. Rep. 84:267, 1934 

9 Von Oettingen, W. | The Halogenated Hydrocarbons: Their Toxicity and Potential 
Dangers, J. Indust. Hyg. & Toxicol. 19:349, 1937 
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the compounds. The cyclic hydrocarbons occupy a middle position with regard to 
toxicity. Cyclohexyl acetate is more toxic but less volatile than amyl acetate and 
produces hemorrhagic edema of the lungs and paralysis of the central nervous sys- 
tem. Unsaturated hydrocarbons are usually more toxic than the corresponding 
saturated compounds.’ 

This brief survey presents the laboratory evidence on the chemical groups to 
which the majority of plasticizers belong. However, the constant introduction of 
new compounds demands continual investigation, and each new compound should 
be properly studied as to its toxicological properties in order to estimate its indus- 
trial health hazard. 


METHODS AND MATERIAL 


Twenty-five compounds which are used at present as plasticizers of synthetic resins have 
been investigated. They are listed according to their chemical classification in Table 1. The 
last group includes compounds whose chemical composition is a proprietary secret and have 
therefore been listed under their trade name with the name of the manufacturer in parenthesis.1° 


TABLE 1.—Compounds Used as Plasticizers 


1. Adipic acid derivatives 7. Ricinoleic acid derivatives 
Di-2-ethylhexyl adipate (“‘adipol 2EH") Methylacetyl ricinoleate (‘Baker's P4"’) 

2. Azelaic acid derivatives 8. Sebacic acid derivatives 
Cyclohexyl azelate Dioctyl sebacate 
Dibutyl cellosolve® azelate Dibutyl sebacate 
2-ethylhexyl azelate 9. Trade-name plasticizers 
Methyl isobutyl carbinol azelate “Flexol 8N8” (Carbide & Carbon) 
Pentasol azelate “Plasticizer 50 B” (Barrett) 

3. Caprice acid derivatives “Plastjcizer Ellicott H” 
Diethyleneglycol dicaprate “PlasAcizer SC” (Drew) 

4. Carbonic acid derivatives “Paraplex G-25" (Rohm & Haas) 
Dibutoxyethyl diglycol carbonate “Paraplex G-40" (Rehm & Haas) 

5. Nitrile derivatives “Santicizer 140" (Monsanto) 
Octadecene nitrile “Santicizer 141" (Monsanto) 

6. Phthalic acid derivatives “Plastolein X-55" (Emery) 


Dibutoxyethyl phthalate (‘‘kronisol’) 
Dicapryl phthalate 

Dioctyl phthalate 

Butylbenzyl phthalate (‘‘santicizer 160’) 


For the determination of toxicity the same methods were used as given in the report on the 
toxicity of accelerators, activators, and antioxidants.'’ Since most of the plasticizers are 
insoluble in water, mineral oil or propylene glycol was used as diluent. The criteria for 
the determination of toxic effects were the minimal lethal doses, the clinical symptoms, and the 
histological changes as revealed by postmortem examination. For the determination of the 
L.D.so, Smyth's range-finding test was used as a first step and was combined in a second series 
of experiments with the logarithmic toxicity scale of Deichmann. In the average experiment 
16 to 18 animals sufficed for obtaining a clear-cut result. The skin effects of the plasticizers 
were determined by application to the skin of experimental animals and human volunteers. 


Two 
10. Because of the proprietary nature of many of these compounds exact information as to 
their composition cannot be obtained. The following information may not be entirely accurate : 
“Flexol 8N8” =N,N-di-beta-(2-ethylhexyl)ethyl 2-ethylhexamide 
“Plasticizer” 50B” =butylcyclohexyl phthalate 

“Plasticizer SC” =triethylene glycol dicaprylate 

“Paraplex G-25” =probably condensation products of sebacic 

“Paraplex G-40” =acid with glycols and/or glycerin 

“Santicizer 140° —monotclyldiphenyl phosphate 

“Santicizer 141” —monooctyldiphenyl phosphate 


“Plastolein X-55” =diethylene glycol di-pelargonate 
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0 four white rabbits were used for preliminary testing of skin irritability and sensitization, and 
each compound was then tested on 15 to 30 human subjects. The patch test was used and the 
reaction classified as slight, moderate, or severe Sensitization tests were performed two 


weeks after the primary irritation test.!! 


RESULTS 


Toxicity Investigations. Vable 2 lists the compounds which have been found 
nontoxic or practically nontoxic. The animals supported intraperitoneal injection 
of 6 gm. or more per kilogram of body weight without showing any immediate or 
delayed eftects. All animals were subjected to autopsy after one month of observa- 
tion. Careful histological examination of all organs failed to show any evidence of 
pathologic change. The injected material could often be found remaining in the 
peritoneal cavity, surrounded by necrotic formed adhesions and fibrous tissue 
Microscopically, foreign body granulomas could be observed and some of the mate- 
rial could be followed in the endothelial cells of the liver and spleen. 

Five of the plasticizers examined showed a moderately toxic effect in laboratory 
ammals. They were dioctyl phthalate, butylbenzyl phthalate, “santicizer 140.” 


TABLE 2.—Nontoxic Plasticisers 


2 ethylhesxyl adipate Dicapryl phthalate é 
Cyclohexvl azelate Methylacetyl ricinoleate 

Dibutyl ecllosolve azelate Dioctyl sebacate 

2-ethythexyl azelate Dibutyl sebacate 

Methyl isobutyl carbinol azelate “Plasticizer 50 B” (Barrett) 

Pentasol azelate “blasticizer Ellicott H” 

Diethylene glycol dicaprate “Plasticizer SC” (Drew) 
Dibutoxyethyl diglycol carbonate “Paraplex (Rohm & Haas ) 

Octadecene nitrile “Paraplex G-40" (Rohm & Haas) 

Dibutoxyethy!l phthalate “Plastolein X-55" (Emery) 


‘santicizer 141," and “flexol Intraperitoneal injection of dioetyl phthalate 
proved fatal in doses higher than 2 gm. per kilogram of body weight. Lower doses 
produced weight loss, leucocytosis, severe anemia, and hematuria, from which the 
animals recovered after one to two months. No delayed effect or permanent injury 
was noted in the surviving animals. 

Butylbenzyl phthalate killed rats after intraperitoneal administration of doses 
higher than 1.8 gm. per kilogram of body weight. Oral administration of more than 
$ ym. per kilogram of body weight proved equally fatal. The animals died after 
four to eight days, showing weight loss, apathy, and leucocytosis. The histological 
examination of the organs revealed toxic splenitis and degenerative lesions of the 
central nervous system with congestive encephalopathy, myelin degeneration, and 
ghal proliferation 

“Santicizer 140° proved tatal in intraperitoneal doses of higher than 1 gi. per 
kilogram of body weight. Oral doses up to 4 gm. were supported. Toxic animals 
became lethargic on the second or third day, and a profuse diarrhea developed. They 
died with symptoms of paralysis. Autopsy showed a generalized capillary paralysis 


with severe edema and numerous small hemorrhages in the brain. 

11. Mallette, EF. S.. and Von Haam, E.: Studies on the Toxicity and Skin Effects of Com- 
pounds Used in the Rubber and Plastics Industries: 1. Accelerators, Activators, and Anti- 
oxidants, A. M. A. Arch. Indust. Hyg. 5:311, 1952. 
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“Santicizer 141” killed animals after intraperitoneal administration of doses 
higher than 2.4 gm., but oral administration of 4 gm. per kilogram of body weight 
was tolerated. With the intraperitoneal administration, the animals became para- 


lyzed and lethargic. Recovery from nonfatal lesions was delayed. The histopatho- 


logical examination demonstrated a severe acute hemorrhagic encephalopathy with 
cerebral edema, ganglion cell degeneration, and small hemorrhages. As delayed 
effects, focal gliosis and persistent foci of myelin degeneration could be observed. 


TABLE 3.—Determination of Skin Effects 


Animal Tests 
(Cone. 100%) 


Human ‘Tests 


Irrita Sensi Con Nevative Light Severe Sensi ; 
tive tizing centra Reae Reane Rese tized, Irritative Sensitizing 
Name of Compound Effect Effect tion, % tion, % tion, % tion fleet Effect 
\dipie acid derivatives 
Di-2-ethylhexyl adipate ... 0 le 0 0 0 
\velaie acid derivatives 


(yelohexyl azelate ........ 0 0 74 My 0 Moderate Slight 

Dibutyl cellosolve® azelate..... 0 + 100 7 0 Moderate 

ethylhexyl azvelate .......... 0 + 0 0 Slight 

Methyl isobutyl carbinol® azelate 0 0 7 Moderate 

Pentasol azelate ................. + loo 0 Moderate 
Caprice acid derivatives 

Diethylene glycol dicaprate...... ++ 0 ; Slight Moderats 

Carbonic acid derivatives 

Dibutoxyethyl diglyeol carbonate 0 0 1) 0 0 0 
Nitrile derivatives 

Octadecene nitrile ...... 0 + 12 0 Slight 
Phthalie acid derivatives 

Dibutoxyethy! phthalate ... 0 0 0 0 

Dicapryl phthalate ............... +4 0 10 0 0 Moderate 

Dioctyl phthalate ........... ses ++ 0 Ww s7 13 0 $ Moderate Slight 

Butylbenzyl phthalate ........... +4 + 0 0 Moderate 
Ricinoleie acid derivatives 

Methylacetyl ricinoleate ++ 0 Ww 0 Slight Moderate 
Sebacie acid derivatives 

Dibutyl sebueate ...... 0 1 100 0 0 0 0 


lrrade-name plasticizers 
“Flexol .. 0 + 


B”.......... ++ + 0 0 Moderate 0 
“Plasticizer Ellicott H"......... 0 74 0 Moderate 0 
“Plasticizer SC" 0 100 0 Moderate 0 
‘Paraplex G-25" ...... ++ 0 2 Ww Severe Moderate 
+ 0 ” 0 0 Moderate 0 
“Santicizer 141" 0 ) 0 Moderate Moderate 
*Plastolein X-55" 0 lin 7 0 Slight 0 


large fatal doses also proved a powerful hemolytic agent with marked vascular 
hemolysis, hemoglobinuria, and hemosiderosis of the spleen 

“Flexol 8N8” proved fatal in doses higher than 4.0 gm. per kilogram of body 
weight. The animals developed convulsions followed by paralysis. The histological 
examination of the brain gave the picture of toxic hemorrhagic encephalopathy with 
edema, swelling of ganglion cells, and small hemorrhages. 

Skin Effects —The results of the studies on the effects of the plasticizers on the 
skin are shown in Table 3. 


Preliminary experiments on animals always preceded the application of the 


compound to human subjects. Sensitizing effects were studied after a two-week 
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interval had elapsed. From the table it can be seen that only five compounds 
proved neither irritating nor sensitizing. Six compounds had some sensitizing effect 
on animals but were innocuous in the human investigations. All compounds which 
produced primary irritation on the animal skin also proved irritating to the human 
skin. Twenty compounds produced a definite reaction on the human skin. Five 
produced a reaction in approximately 10% of the persons tested, and six produced 
a reaction in more than 30% of those tested. “Paraplex G-25” and “flexol 8N8” pro- 
duced reactions which must be regarded as uncommonly severe. Nine compounds 
produced some sensitizing effect on the human skin, with “paraplex G-25" and 


“paraplex G-40” the severest sensitizers. The following plasticizers proved entirely 


innocuous in the concentrations tested: di-2-ethylhexyl adipate, dibutoxyethyl 
diglycol carbonate, dibutoxyethyl phthalate, dioctyl sebacate, and dibutyl sebacate. 


SUM MARY 

Phe toxicity and skin ettects of 25 plasticizers were tested by standardized meth- 
ods. bive of the plasticizers proved moderately toxic in doses from 0.6 to 2.4 gm. 
per kilogram of body weight. The toxic reaction was displayed by the erythrocytes, 
the blood capillaries, and the central nervous system, Seventeen plasticizers proved 
to be slight or moderate skin irritants, three proved to be severe skin irritants, and 
five proved to be moderate sensitizers. Five plasticizers showed no irritating or 
sensitizing effect, and the lack of toxic properties recommends them as the most 
innocuous compounds tested in this series. 
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STUDIES ON THE TOXICITY AND SKIN EFFECTS OF COMPOUNDS 
USED IN THE RUBBER AND PLASTICS INDUSTRIES 
Il. Carcinogenicity of Carbon Black Extracts 


E. VON HAAM, M.D. 
COLUMBUS, OHIO 
AND 


F. S. MALLETTE, Ph.D. 
AKRON, OHIO 


ARBON black in the American trade refers to a product of incomplete com- 

bustion of gas by flame.’ It is ditferent from, although related to, lamp black, 
which is a product of incomplete combustion of highly carbonaceous substances, 
such as coal, mineral oil, pitch, tar resins, wood fats, vegetable, and animal oils.** 
Since the average size of the carbon black particles is within the colloid range, 
Wiegand ° classified carbon black as colloidal carbon. X-ray-ditfraction studies 
show it to be related to the pure crystalline carbons diamond and graphite, and 
when it is heated to high temperatures it shows graphite-lhke patterns.' 

Carbon black is produced commercially by three different processes. The one 
most widely used is the channel process, in which jets of flame burn natural gas 
and deposit the carbon black in powder form on moving metal plates, from which it 
is scraped by stationary scrapers. More modern processes are the use of the 
furnace and thermatomic processes. In the latter methods gas or liquid hydro- 
carbons are submitted to incomplete combustion and cracking of the materials into 


carbon and hydrogen. 

The chemical analysis of commercial carbon blacks varies within wide limits. 
The ash content is usually low, varying between 2 and 547. The volatile matter 
may also be quite variable, and values may run from 0.4 to 20%. Recent studies 
with the electron microscope have shown a mean diameter varying between 20 and 
30 mp.” From this a specific surface of upward to 5 million square inches per 
cubic inch may be calculated. The hydrogen ion concentration, the surface size, 
and the structural details are frequently altered for specific industrial purposes. 
The surface areas determine the degree of absorption of acids, soaps, or electrolytic 

From the Department of Pathology, Ohio State University, Columbus, Ohio, and the 
Medical Department of the Firestone Tire & Rubber Company, Akron, Ohio. 

1. Mantell, C. L.: Industrial Carbon: Its Elemental, Adsorptive, and 
Forms, ed. 2, New York, D. Van Nostrand Company, Inc., 1946, p. 40. 


Manufactured 


2. Hueper, W. C.: Occupational Tumors and Allied Diseases, Springfield, IL, Charles C 
Thomas, Publisher, 1942. (a) p. 192; (b) p. 85: (c) p. 193. 


3. Wiegand, W. B.: Further Electron Microscope Studies on Colloidal Carbon and 
the Role of Surface in Rubber Reinforcement, Canad. Chem. & Process Indust. 25:579, 1941. 
4. Clark, G. I.: Applied X-Rays, New York, McGraw-Hill Book Company, Inc., 1932. 

5. The Particle Size and Shape of Carbon Black as Revealed by the Electron Microscope, 
Columbian Carbon Company Research Laboratories, New York, 1940, Vol. 2, p. 32. 
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material and determine the energy, the color, and the tinctorial strength. The pH 
varies from 2.6 to 10.6 and determines the curing rate, the preferential absorption, 
the organophilic tendency, and the hydrolyte adsorption. The structure influences 
the processing properties, the modulus, the electrical conductance, and the liquid 
absorption 

Phe first uses of carbon black were in printer's ink, in paints, lacquers, polishes, 
and as a filler for black materials. A new horizon was opened with its world-wide 
adoption by the rubber trade. Virtually all trre treads are now black owing to the 
aduuxture of carbon blacks. The amount of carbon black admixed to synthetic and 
natural rubber emulsions varies with the different industrial uses of the finished 
rubber product and may reach a concentration of 32 to 53%. It has a remarkable 
effect on the tensile strength of rubber, making it stronger and more resilient, and 
increases its wear. The latest survey of the United States Bureau of Mines shows 
that 94% of the entire output of carbon black is now utilized in the rubber industry. 
‘This amount in 1946 was over 1 bilhon pounds. 

Phe health problems of this great industry have been only briefly discussed in 
the literature. Hueper?" in his book on occupational tumors, quotes Heller, who 
reported 21 cases of cutaneous cancers among “workers in a Cleveland plant engaged 
i the manufacture of carbon black and dry battery cases.” However, as Ingalls ° 
pointed out, the carbon black referred to by Heller was prepared from imported 
fughsh gashouse pitch and does not pertain to the commercial product of carbon 
lack 

Recently, Ingalls © made a thorough epidemiological study among workers in the 
carbon-black industry. [examination of 947 employees of a large carbon-black 
factory showed only three treated and healed carcinomas of the skin and one 
untreated carcinoma. Of the 26 male workers of the company who died dur- 
ing a 10-year period, only 2 died of cancer, and only one of the two was a carbon- 
black worker. The annual mortality rate per 1,000 among carbon-black workers 
was 0.21, compared with an expected mortality rate of 0.34, and a rate of 4.17 
wnong chromate workers. The observed morbidity rate of cancer during the 
five-year period was 1.01 per 1,000, compared with an expected rate of 0.89. 
Krom this analysis Ingalls came to the conclusion that on the basis of the 
available clinical and epidemiological evidence the carbon-black worker faces no 
more than the ordinary risk of cancer encountered by other groups of the male 
working population. 

Qur interest in carbon black was aroused by work performed in the Firestone 
Kesearch Laboratories by Scholl and Brock.’ Both authors investigated the extrac- 
table impurities adsorbed on carbon blacks by means of chromatographic extraction, 
a study of the ultraviolet: adsorption characteristics, and the x-ray-ditfraction 
diagrams of the various extracts. From 0.06 to 2% extractable material was 
obtained from six commerical carbon blacks used the rubber industry. 
Ultraviolet adsorption spectra of various fractions obtained by chromatographic 
separations showed some curves resembling those of 1, 2, 5, 6-dibenzanthracene 


* '. Ingalls, T. H Incidence of Cancer in the Carbon Black Industry, Arch. Indust. 
Hyg. 2:662 (June) 1950 


7. Scholl, A. W., and Brock, M. J The Investigation of Extractable Impurities 
Adsorbed on Carbon Blacks, unpublished data 
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or benzene derivatives of di-paralene. Other fractions showed characteristics of the 
benzo derivatives of pyrene. Since these compounds represent aromatic hydrocarbons 
of known carcinogenic potency, it was decided to study the carcinogenic effects of 
the extractable impurities of commercial carbon blacks. 


MATERIALS AND METHODS 


Domestic stocks of Swiss strain mice were used for the experiment. The animals were kept in 
individual cages and fed a commercial food * with weekly supplements of green vegetables and 


milk. An oval area of the back measuring approximately 2 em. by 1 cm. was clipped as closely 


as possible, and the reagents were applied once a week with cotton applicators. Animals that 


died during the experiment were submitted to autopsy and the treated skin area was studied 
under the microscope. Developing tumors were photographed and permitted to grow for the 
duration of the experiment. 


The concentrated fractions of carbon-black extracts as prepared 


Taste 1.—Tumors Produced by Extracts from Commercial Carbon Blacks 


Animals Presenting 


Some 


Tumor 
Negative Prolif Benign Development, 
Material Results eration Papillomas Cancers Days 

(rude “Kosmos” 40 12 0 ’ 0 
Crude “Kosmos” 33 6 0 
(rude “Kosmos” %0 0 
Extract F-1 ........ 1 2 0 ” 
Extract F-12 ..... 0 0 0 
Extract F-16 ... 0 1 133 
Extract F-16A .. 0 0 
Extract F-17 .. 3 1 1 0 
Extract F-21 .. ; 6 1 0 0 
Extract F-23 .. 0 0 0 
Extract F-26 . 3 0 2 
Extract F-28 .. 6 0 0 0 
Extract F-29 .. 5 0 1 
Extract F-30 ... 4 4 4 0 
Extract F-33 .. 5 0 1 0 
Extract F-36 .....2 0 0 0 
Extract F-38 .. 0 1 0 
Positive control ‘ 0 to 162 
Nevative control 0 


were usually thick brown oily fluids. They were taken up in 100 times their volume in acetone 


containing 0.5% of croton oil, thus making a solution containing approximately 1% of the 
reagent and 0.5% of croton oil. For negative controls a series of animals was painted with 
the 0.5% solution of croton oil in acetone. As positive controls a solution of 1% 3,4-benzpyrenc 
in acetone containing 0.5% of croton oil was used. This method represents the accelerated test 
for carcinogenic material of Berenblum 


RESULTS 


Table 1 lists the numbers of tumors observed in these experiments extending 
over a duration of 315 days. Six tumors were produced from a total number of 
212 animals, 126 of which survived the entire length of the experiment. Tumors 


were found in animals painted with Fraction 1, Fraction 16, Fraction 26, and 


Fraction 28. The tumors were typical squamous cell carcinomas of advanced 
degree, producing ulceration covered by crusts (Fig. 1). The animals in which the 
tumors developed showed marked loss of weight and were killed before natural 


This was a chow made by the Ralston Purina Company, St. Louis. 


Berenblum, I.:  Cocarcinogeni 


Action of Croton Resin, Cancer Res. 1:44, 1941. 
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death. Tumors developed as early as 127 and as late as 196 days after the begin- 
ning of the expermment. In 13 animals papillomas of considerable size developed, 
some of which showed an inclination toward spontaneous disappearance. Histo- 
logically, the papillomas had rather pointed epithelial proliferations with definite 
hyperkeratinization and conspicuous proliferation and thickening of the hair fol- 
licles (Fig. 2). In 29 of the animals a histological examination of the skin showed 
some degree of epithelial proliferation which might or might not have developed 
into cancer had the animal lived longer. Fractions 12, 16A, 23, and 36 were 
entirely without effect upon the animals. Painting experiments with unextracted 
carbon blacks in acetone had no neoplastic effect. Eleven of the 15. surviving 
positive control animals showed large tumors, all of which had developed by the 
fourth month of the experiment. 

\ summary of the carcinogenic effect observed in the animals treated with 
the active carbon-black extracts as compared with the positive controls 1s presented 
in Table 2. The six animals in which tumors developed represented 12.50 of the 


2.—Carcinogenteity of Carbon-Black 


Animals Presenting Cancers 


Per Cent Per Cent 


Animals of Total of 
Material Used Survivors Number Number Survivors 
Newative material: carbon blacks 20, 33, 40; 1 121 0 0 0 
extract fractions 12, 16A, 17, 21, 23, 28, 30, 


material extract fractions 1, 16, 4) 12.5 22.2 


Positive controls 


animals used in the experiment and 22.2(, of the survivors. The positive controls 


selded tumors in 55 of the total number of animals, or 73.3% of the survivors. 


COM MENT 


Phese results indicate that carcinogenic material can be extracted from com- 
mercial earbou blacks. They seem in contrast to clinical experience as related by 
Ingalls.” Various explanations can be offered for this discrepancy. One would be 
that the hygienic conditions among American carbon-black workers are so well 
controlled that long exposures of the skin do not take place. A similar explanation 
has already been pomted out by Hueper for the remarkable geographic difference 
in the oceurrence of soot carcinoma in England and the rest of the civilized world. 
\ more hkely explanation seems to lie in the fact that our experiments with crude 
ifractionated extracts did not produce any tumors. This may be because of the 
very low concentration of carcinogenic impurities in the commercially used carbon- 
hlacks, or because these impurities are so firmly adsorbed on the carbon black 
molecules that they cannot exert their carcinogenic properties. In order to test the 
latter theory a series of experiments has been designed to study the effect of known 
caremogenic agents after these have been adsorbed by commercial carbon. blacks. 
{hese experiments are now in progress and will be reported at an early date. 
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EYE HEALTH EVALUATION AND MAINTENANCE 


A. D. RUEDEMANN, MD. 
DETROIT 


HIS SUBJECT is interesting to me because over the vears | have been trying 
to evaluate just exactly what we try to do when we fit glasses, straighten eyes, 
and attempt to give individuals the best vision they can get. 

| am not going to discuss with you trauma to the eve, because you all know that 
is very well handled in industry ; in fact, it is much better handled in industry than it 
is in the home. About three of my office cases are caused by accidents at home to 
each one from industry. 

In the study of the prevention of industrial injuries, it is much wiser to design 
the machine so that there can be no trauma from it, or protect the machine so that 
the individual cannot injure an eve. The least satisfactory method is to put goggles 
on the individual, because the individual is flexible, whereas the machine ts inflexible. 
You can guard the machine where vou can’t always make the individual wear his 
goggles. You have all had the experience of trying to make individuals do some- 
thing. The minute you try to make an American workman do something, he revolts, 
and then you are in trouble. 

Trauma in industry is fairly well handled. Certainly, in our Detroit area it is 
very well managed, and the larger industries do it much better than the smaller ones. 
That is because the smaller ones don't have the number of problems that the larger 
industries have. 

I will say when most patients get to us the trauma has happened and one tries 
to get out of it the best one can. It has been my feeling over the vears that fre- 
quently the tendency has been not to handle trauma in the best possible way. | think 
as all of you do, that industrial surgery or industrial eye surgery is just good eve 
surgery done very early and without a great deal of time to ponder over it. It does 
not of necessity have to be emergency surgery 

There is a second thing | would like to give you to think about. That is the 
increasing number of individuals showing up in our offices with retinal detachment 
who put the blame on their job or on some minor difficulty that they have had in 
their plant. Now the burden of proof always falls on the ophthalmologist as to 
whether the injury was sufficient to promote a retinal detachment or not. It takes 
a very real blow to produce a retinal detachment. The eye that usually has a retinal 
detachment is an eye that has the pathological physiology to allow it to happen, and 
in Most instances it would have happened in the ordinary course of living. You 
cannot come out with an exact statement from an ophthalmological point of view 
that this retinal detachment is caused by the trauma that the individual suffered. 


Read at the Twelfth 18, 1952. 
Dr. Ruedemann is Chairman, Joint Committee on Industrial Ophthalmology of the American 

Academy of Ophthalmology and Otolaryngology and the American Medical Association. 
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I am of the opinion that unless we get together, the personnel man, the industrial 
medical man, and perhaps an insurance adjuster, and thresh this thing out, we are 
going to be led into extremely high costs, because the loss of an eye or the hazard 
of losing an eye, as you all know, is an extremely expensive matter. 

The second of the medical diseases that might give us trouble is glaucoma. In 
my opinion glaucoma has reached the same stage as cancer. There is money being 
spent to publicize cancer; there is money being spent to publicize glaucoma. The 
incidence of glaucoma is not very high, and it is not caused by any industrial disease 
that | know anything about. It is an individual tendency, and I do not believe it is 
an industrial hazard. Nevertheless, if you continue to talk about glaucoma as being 
one of the common diseases of man, you are going to have an increase of incidence in 
industry, and the instigation of it will be blamed on industry, as it has been. Just 
recently | appeared in a case that was attributed to industry, whereas industry had 
absolutely nothing to do with it. 

1 would not sanction the routine taking of ocular tensions, contrary to what has 
been published by the National Society for the Prevention of Blindness, because 
you are going to produce a glaucoma phobia, just as you have a cancer phobia, such 
that everybody in the country thinks every lump he has in the body is cancer. 
One of our good cancer men in Detroit estimates that he spends 35 or 40% of his 
time talking people out of the idea that they have cancer. Glaucoma should be con- 
sidered but I don’t believe it belongs in industrial medicine. 

My assigment for this program is to emphasize the interrelated problems of eye 
health from the broad poimt of view in the period of life before an individual actually 
enters upon an occupational career, the period through which an individual passes 
in preparing himself for gainful employment. 

The subject is of major interest to me because for four years now my colleagues 
and I have been studying at Wayne University and the Kresge Eye Institute the 
pathological physiology of faulty eve coordination. You may wonder how that fits 
into industry. Of course, we were wondering what we were doing with these people 
whose vision we try to correct with glasses or whose eyes we straighten surgically. 

There are three groups of muscles. The first group is that of the muscles which 
tix the fovea of the eye, and next is the group that gives binocular foveal fixation ; 
the third is the group that controls the muscles of the neck. If you wonder about the 
last, remember that when you go to a tennis match you fix your foveae on the tennis 
ball and then move your head back and forth to keep your fixation. 

Kor about four years we have been studying this matter in industry very inten- 
sively, a group of about six of us, studying all students in several high schools, study- 
ing students all the way down in age, including children in the preschool group. 
When we began to evaluate our findings, we found that the visual pattern is very 
well established long before the individual heads for school, and by the time he is in 
the first grade in school he has his eye-brain pattern so firmly established that very 
little we can do will break it up. Further, our muscle surgery done on youngsters, 
once the eye-brain pattern has been firmly established, will not teach them to have 
complete foveal coordination. 

Vision is on two levels. One is the peripheral vision that you use in the 
ordinary going about and lying around, or driving an automobile. That peripheral 
vision or quantitative vision is done by the peripheral retina. 
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But the minute that you begin any thinking process that you want to retain, 
you throw your foveal vision into action. Unless the fovea is completely coordi- 
nated 100% all of the time, your brain is constantly annoyed by this lack of complete 
coordination, and there develops the secondary so-called psychological characteristics 
of irritability, headaches, nervousness, fatigue. I believe it is in this situation that 
industry fits into the picture. 


I am sure that with the increasing speeds of the machines foveal fatigue takes 
place much more rapidly than it did before, when you didn’t have to fixate con- 
stantly on this high-speed apparatus, that the foveae direct pretty much the earlier 
development of the child, that he learns to use his hands and his feet and speech and 
the rest by direct imitation, that it is not handed to him instinctively, and that if the 
eyes do not completely coordinate there is a retardation in the development of the 
individual. 
We have it in twins. We now find that if there is a set of twins and one has 
normal foveal coordination, he will weigh as much as 5 Ib. (2.27 kg.) more than 
the other twin, who has faulty coordination, because the individual with faulty 
coordination has a poor appetite. As he attempts to work hard or play hard, he gets 
a sort of seasickness, a kinetosis which upsets him, and that individual does not 
develop as rapidly or as well as the normal-eyed, or foveate, individual. 

It is the fovea of the eye that is the key to mental development. 1f we consider 
the one-eyed individual—and this again is important—the one-eyed individual in a 
nonhazardous job will do that job as well as a two-eyed individual, and should be 
maintained in that job. If an individual does not require foveal coordination for 
his particular job, he can go along, push a wheelbarrow in industry, and do most of 
the jobs that do not require coordination of vision. Industry could use a great 
number of people now excluded, but it should be so written in their contract or job 
analysis that that job is to be restricted, and that that is to be their work levet so 
far as eve coordination is concerned. 

When you go into piecework, and jobs that require very fine reading, those are 
the jobs that require the very good pair of eyes. This 20/20 business doesn’t mean 
a thing, as a matter of fact, because we must write a formula for visual capacity, not 
20/20 vision. A 20/20-vision Snellen chart doesn’t mean anything, because a person 
can have 20 in one eye and 20 in the other eye and have a little simple hyperopia and 
be able to work only an hour or two before he begins to turn out rejects. 

We have studied the ability of the individual to learn, and we find that the 
incidence of failure increases as the individual must read assignments, where he 
must use his visual memory. The development of visual memory depends on foveal 
coordination, and if the foveal coordination is incomplete, the visual memory is 
incomplete, Without visual memory one cannot be a good student. 

We think we can now prognosticate what type of grades the individual is going 
to make as he reaches high school and college by the type of eves he has been given 
and the amount of foveal coordination he has. 

You do not remember, you do not have memory retention, with your peripheral 
retina, so you use your fovea for direct coordination between the eye and the brain. 
That puts a different level on the workman that you have in industry, and it requires 
a different interpretation of your findings regarding that workman, according to his 
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job. You can almost evaluate him now, if what we have found out is true, on how 
good he is going to be, and how much good work he is going to turn out, and how 
much bad work he ts going to turn out. 

If he comes to work tired, the person with a small degree of convergence insuf- 
ficiency will, by the end of the day, be a clock watcher, and probably put in 50% of 
good valuable time and probably 50% of stalling around until his time is up. That 
happens to students in school, too. 

Probably you all know that some nights you sit down and fall asleep, and some 
nights you can sit down and read until two or three o'clock in the morning. It is 
purely dependent on ability to coordinate your foveae, whether your foveae will 
or will not coordinate. 

If our studies hold up, we believe the entire business of being able to become a 
member of the Phi Beta Kappa Society or of being “flunked out” of college depends 
on the amount of ability put in on retention of the things read. I think psychologic- 
ally it falls into one of two things. When you make the effort to look, you do not 
make the effort to remember. They are separate cerebral efforts. If the foveae 
do not coordinate, as in a weakness of convergence, or in slight muscle errors, then 
the effort to look takes precedence and you make the effort to look, and you are not 
making any effort to remember. [It seems that in many instances this holds true, 
and we have taken these individuals and thrown them into an auditory learning 
group. We have tried sending some of them through college on the basis of their 
roommate's reading to them 

On the basis of this, you can think back now over some of your work and find 
that a few of your friends were good listeners and made good grades in the lecture 
courses, whereas in the courses requiring much reading they got poor grades. 

We are now in the process of applying this study to industrial workers. With 
our study among college and high school students we know that by having students 
read aloud or write the subject matter out they can get by. The psychological studies 
that we have made on these individuals would tell us that the average American 
vouth should go through high school and college with one arm tied behind him. 
Che L. . levels are sufficiently high that he should not have any trouble. 


That, | think, has brought out a very important thing bearing on individuals 
working at high-speed machines, individuals who have concentrated work to do, 
that perhaps with the increase in the speed of the apparatus, or the minuteness of 
the work, with the time factor being very important, they cannot be expected to stay 
at this job six and eight hours or longer, unless they have an eve that has a couple of 
diopters of nearsightedness and 2 or 3 diopters of esophoria, which throw their 
foveae together without effort. 

What I have been trying to say is that we should begin to derive a formula for 
visual capacity, which would be 20/20 vision, or something in the neighborhood, plus 
complete muscle balance, including study of the a/ and ad muscle balance, conver- 
gence of the vertical muscles—and the vertical muscles must be very carefully 
studied, because the vertical foveae are critically held, and as much as a half degree 
or a degree may well throw the individual out of balance. 

Che greatest difficulty is that we have very few studies of the fovea, we know very 
little about it, and our foveal sensitivity tests are very few. Dr. Elek Ludvigh, 
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director of research at the Kresge Eye Institute, has been working for the past year 
or two on foveal tests, and we think he has evolved something. 

I should like to restate that all our reeducation must be done in the early phases, 
in the period of the first four or five vears of life. When any change is attempted 
afterward, the pattern between the eve and the brain has been so firmly established 
that you can't break it up psychologically, and you can hardly reeducate these 
patients. 

Let me express my own disappointment in my own surgical cases in these things 
We have straightened eves surgically and have them in what looks like complete 
alignment, but the patients are still as bad students as they were before. If we 
can sometime later bring you a report on how this applies to your higher-level 
people in industry, it may be helpful. Again I make a plea for those who have very 
poor eyesight or only one eve. They are valuable in industry. An individual with 


one good eye is a lot better off than an individual with one good eye and one 


second-rate eye, because the level of vision does not reach that of the highest eve 


It drops to the level of the poorest eye, and the individual ends up with subcon- 
sciously poor vision. The three main factors in industrial ophthalmology are trauma, 
eve coordination, and lastly eve disease. 
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EYE HEALTH EVALUATION AND MAINTENANCE 


ARTHUR K. PETERSON, M.D. 
CHICAGO 


N THIS paper some of the problems with which industry and the community are 
confronted in regard to eve health and its maintenance will be considered. 
What is eye health? Let us say that it involves a healthy eye, an eye in which 

all the potential skills and functions have been made available either through optical 
aids and/or treatment and/or training. 


In spite of the great amount of work that has been done to encourage eye health 
in this country, there is still a vast amount of work to be done. Many isolated sur- 
veys and examinations have been made by various agencies to evaluate eye health. 
The literature on this subject is full of suggestions, plans, and lengthy articles. 
| know that there are some very fine organizations and physicians who have done 
what they could to develop this program. But a complete, over-all, national program 
for eye health is yet to be established. 


\s I see it, the problem of eve health is divided mainly between industry and the 
community. Industry has its problems because of the following factors which present 
themselves : 


1. Adequate illumination and lighting will increase production 

2. The scientific use of color schemes with proper reflection factors will lessen fatigue and 
increase production 

3. About two out of five industrial workers tested are visually unqualified for satisfactory 
pertormance on their jobs 

4. Approximately 90% of these workers can be brought up to a satisfactory level of per- 
formance by proper correction 

5. All jobs should be studied and surveyed to determine the minimum visual requirements 
h 

6. Each employee should have a complete vision test by one of the modern optical instruments 
which can be installed in the medical department of each company which has such facility. In 
small companies, the test can be conducted under the direction of a consulting ophthalmologist 
in cooperation with one of the optical companies who have such a service. 

The purpose of the test is to determine whether the employee needs corrective glasses or 
treatment of eye diseases to use his capacity to see and make the best use of his visual ability 


on the job 


7. Older workers should be periodically rechecked for visual acuity. 


Read at the Twelfth Annual Congress on Industrial Health, Pittsburgh, Jan. 18, 1952. 
Dr. Peterson is Medical Director, The Lakeside Press, R. R. Donnelley & Sons Company. 
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Many progressive industries and individual companies have embarked on a 
complete eye evaluation program with a view to proper job placement and correction 
of visual defects in employees in order to produce more goods more accurately and to 
do this more safely. In my experience, this has more than paid for itself. 

I use the term “vision program” to indicate a complete service such as that sup- 
plied by several outstanding optical companies. These vision programs have been 
well developed, and slowly but surely industry is “seeing the light” because it has 
been shown that such a program is good business. 


Obviously nothing is more important on any job than eyesight. In my opinion, 
the inclusion of a complete eye-testing program in our medical department has 
proved of inestimable value. We no longer rely on the old Snellen chart, which 
merely gives us visual acuity at 20 it. and this not very accurately. 

The factors for industry to correct as | have mentioned are reason enough for 
industry to spend the money it takes to carry out such a program, but industry 
cannot be expected to “pick up the tab” when it comes to the expense of examination 
and case finding of children and young adults before they are of employable age. 

This brings us to the second part of the problem of eve health. It 1s what | 
call community responsibility. When | speak of the community, | mean towns, cities, 
townships or counties. 

Recently a survey examination was made in Philadelphia by one of the insurance 
companies, and it was found that among the 10,000 persons examined there was a 
2% incidence of glaucoma. 


Industry daily interviews thousands of persons, both young and old, for employ- 
ment; and physical examinations reveal that hundreds of these people have poor 
vision, and, worse still, uncorrected vision. What. is the reason for such a state 
of affairs ? 

The reason is that there has never been a truly well-organized screening and 
examination program in the large majority of the communities of our country. This 
problem is primarily one of community responsibility toward those youngsters who 
are not yet of an employable age and who have poor vision. In my opinion, it is not 
the duty of a private organization to see that this is done. 

Also, the problem of squint presents itself. No one has been able to estimate 
the number of children whose muscle imbalance goes uncorrected and who present 
themselves for employment but are unable to perform many jobs that require binocu- 
lar vision. It is a known fact that persons with squint do not have normal vision, and 
yet in a great many instances this one pathological disorder is correctable. But very 
little has been done to correct it. Adequate eve testing of all children of preschool 
and school age would bring these cases to light, and early treatment might often 
save a child for gainful employment at any job in later years. 

I suppose we could go on all afternoon talking about the eye conditions which 
are present when young people seek employment and are found to be below minimum 
visual standards. And the very fact that we could talk all afternoon about it means 
that the community responsibility is not being met as it should be. True, there are 
some cities and counties that have established some type of case finding and exami- 
nation in order to correct visual defects, but the great majority do not have such a 
program. 
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In small communities, supported by one or two industries, that industry or those 
industries have a right to expect the community to develop an adequate sight-testing 
program for its young people who expect to assume a gainful occupation in their 
hometown. There are many local agencies, both official and nonofficial, that could 
help in setting up such early case finding work—Parent-Teacher Associations, 
school boards, and other health agencies. With the cooperation of the local medical 
societies or ophthalmologists, it would seem to me to be a simple matter to conduct 
complete and comprehensive eye surveys. 

\n excellent vision test, called the Massachusetts Vision Test, has been perfected. 
lt was developed primarily for mass testing of school children, but it is not used 
enough. Recently, Scobee completed a three-year project in ways of testing school 
children in St. Louis. [am waiting for his report. 

We are not a nation of defectives, as some reports on rejected draftees would 
have us believe. Rejections for subnormal vision, squint, and other eye disorders 
were high but only because early diagnosis, correction, treatment, and care have 
not been carried out. It is true that in all cases it is the responsibility of parents to 
see that their children are in good eye health. But, as you and I know, education is 
sometimes sadly lacking in this regard. This is all the more reason for a concerted 
community effort to provide the means and equipment to examine all young people 
in order to discover correctible visual defects before they go to work. 

Although we are speaking of eye health this afternoon, there are many other 
conditions which could well benefit from an organized program—speech and hearing 
defects, and other diseases. 

In the medical department at R. R. Donnelley & Sons Company we have made 
full use of the Bausch & Lomb services for some time and not too long ago surveyed 
our entire factory departments and came up with some very startling facts. These 
facts proved the necessity of good visual correction in performance on the job, and 
promotion of greater general health and safety, with certainly resulting more efficient 
and better production. 

Having learned these facts from the survey, we now use the Ortho-Rater in all 
preplacement examinations, and when a new prospect presents himself for physical 
examination and it is found that he should have better vision but lacks correction 
we have an arrangement with the employment department to give this applicant 
a chance to have a refraction and get glasses before he is definitely rejected. By 
doing this, we are able to place many more people in gainful employment. This 
type of accurate vision testing has also allowed us to discover many pathological 
eve conditions which were unknown to the applicant. 

In periodic examinations of our regular employees, the eye testing and hearing 
testing are of primary importance. As a result of these tests, we can observe the 
changes which occur through the vears and are able to advise the employee if he 
needs correction, In periodic examinations of the executive and supervisory groups, 
which occurs every 12 months, these tests are also an important feature. 

We maintain two or three consulting ophthalmologists to whom we may refer 
our emplovees if they need correction or improved correction. 
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Of course, in our particular industry color is an important part of our business, 
and we use the Farnsworth-Munsell 100-Hue Test for a special category of 
employees who deal with colors. 

Inasmuch as the testing devices which have been developed by the optical com- 
panies give us data on both near and distant vision as well as the degree of phoria 
and depth perception, we have abandoned completely any other type of eye testing 
charts. 


I assure you that this portion of our medical program has not only pleased the 
employee but has also justified management in the expense of maintaining this com- 


plete visual program. .\s industrial physicians we must not neglect this phase of our 
in-plant activities. 
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ARATHION has now been used for three years in control of orchard insects. 

During this period it has become evident that employee protection and customer ‘ 

safety are important aspects of the manufacture, formulation, and application of the 

compound, Current interest centers on health protection of the grower who applies 

the insecticide in the field. ; 
The tonnages of parathion which have been used in the field without ill effect 

demonstrate that under some sets of conditions the compound can be safely applied. 

That there exist sets of dangerous conditions is indicated by the reported cases of 

death and illness including, as they do, some proportion of positive diagnoses. 

Poisoning has been claimed to have taken place at one stage or another in the 

manipulation of the material from the point of opening the bag to the ultimate possi- 

bility of contact with material residual at thinning or suckering time. It is clear 

that a differentiation between safe and dangerous conditions can be made only from 

precise data on the relation between parathion exposure and biological effect. 


The literature which has been laid down on the subject is diversified but not 
yet adequate to establish a maximum safe level of exposure. Grob, Garlick, and 
Harvey, Mendel, Hawkins, and Nishikawara,? Barnes and Davies,’ Hamblin and 
Marchand,’ Griffiths, Stearns, and Thompson,’ and Williams and Griffiths ° have 
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reported on the symptoms of poisoning and the levels of cholinesterase in the blood 
of persons exposed to undetermined concentrations of parathion. On the environ- 
mental side, American Cyanamid investigators‘ have estimated concentrations of 
parathion in the air of California citrus groves. Finally, Brown and Bush,* in 1950, 
estimated levels of parathion in the air of a processing plant and determined 
cholinesterase levels in the blood of exposed workers. 

The experiments reported in this paper represent‘ safety research in the field, 
combining studies of the parathion exposure and the cholinesterase response of 
orchard workers in Quebec for the purpose of establishing, ultimately, the safe level 
of exposure. 


PARATHION IN THE AIR OF QUEBEC APPLE ORCHARDS 

The St. Hilaire-Rougemont orchards are sprayed for approximately two days 
at 10-day intervals from early May through June. Our environmental measure- 
ments during the 1951 season involved determining the air-borne parathion during 
and after spraying of 15% wettable powder” in the concentration 0.75 to 1.5 Ib. 
per 100 gal. of water (approx. 0.9 to 1.8 gm. per liter) and dispersed at the rate 
of 300 to 400 gal. per acre (1130 to 1520 liters per acre). This measurement 
described the respiratory exposure and, to some degree of approximation, the sur- 
face exposure, for high concentration in air leads to high concentration on adjacent 
objects, such as skin or clothing. Measurements were made in four orchards of 
the St. Hilaire-Rougemont area from the pink bud cover for plum curculio control 
between May 18 and 20 through the final cover of June 18. The hand-type or 
rocking-type mechanical sprayer was employed in all orchards. 

aAlir Concentrations During Spraying.—Sampling of air for parathion was 
carried out by using impingers and fritted glass bubblers in series, charcoal-purified 
alcohol, and velocities of 1.5 liters per minute. Efficiency of collection was pretested. 
The ultraviolet spectrophotometric method of Hirt and Gisclard '® was employed 
to determine concentration of parathion in the collection solvent. A blank correction, 
low in magnitude, was calculated by sampling air several miles from the orchards. 

It was observed that spraying was timed more to the need for insect control 
than to the suitability of weather. As a result, measurements cover a variety of 
conditions ranging from down-wind spraying, with little operator exposure, to up- 
wind spraying, with heavy “blow-back” and high exposure. Table 1 shows con- 
centrations of parathion in air within a few feet of the spray-operator breathing 
zone. The concentrations were found to range from a low of 2 to as high as 15 mg. 
per cubic meter of air. As will be noted, high concentrations, in general, occurred 


5. Griffiths, J. T.; Stearns, C. R., Jr., and Thompson, W. L.: Parathion Hazards Encoun- 
tered Spraying Citrus in Florida, J. Econ. Entomol. 44:160 (April) 1951. 

6. Williams, J. W., and Griffiths, J. T.: Parathion Poisoning in Florida Citrus Spray 
Operations, J. Florida M. A. 37:707 (May) 1951. 

7. Parathion Vapor Concentrations in the Atmosphere of California Groves During and 
After Application, New York, American Cyanamid Company, 1951. 

8. Brown, H. V., and Bush, A. F.: Parathion Inhibition of Cholinesterase, Arch. Indust. 
Hyg. 1:633 (June) 1950. 

9. The wettable powder contains 15% parathion by weight. 

10. Hirt, R. C., and Gisclard, J. B.: Determination of Parathion in Air Samples by Ultra- 
Violet Absorption Spectroscopy, Anal. Chem. 23:185 ( Jan.) 1951. 
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when spraying during windy conditions, and in that case the contamination of skin 
and clothing was also high. 


Table 2 shows further high air concentrations during spraying under windy 
conditions, Effects of temperature and humidity could not be differentiated from 
the influence of air movement. It is of interest that a concentration range of 0.1 
to O.& mg./eu. m. was found by Brown and Bush * in a processing plant. American 
Cyanamid investigators * have reported concentrations of as high as 0.3 mg./cu. m. 
during spraying in California citrus groves. 

lank Filling.-Owing to the emphasis which has been placed upon the danger 
to operators at tank filling, tests were conducted while 15% wettable powder was 


l.—Parathion Spray Concentrations—St. Hilaire, 1951—Operator Breathing Zon 


15% Hettable Powder 
Parathion Relative Air 
Spray in Air, ‘Temp., Humid Movement, 
Orchard Date Formula Mg. F ity, % MpH 
Marsan » 1s 1P 10S 42 8S. E.5 
Marsan pom iP 0 73 S.W.6 
Marsan pom IP 10S 100W ” S.W.3 
Cardinal 6) a.m 3P 208 250W 2.5 70 S. W. 10 
Cardinal 1 250W 75 73 8. W. 12 
Cardinal 1 acm 208 250W 15.0 Th S. W. 138 
i] Petit 2s pom P 108 100W “Blow-back” 
N. E. 16 
Petit 618 p.m 15P 8S) 7s 8. W.2 


The expression “1P 10S 1l00W" means 1 Ib. of 15% parathion wettable powder and 10 Ib. of sulfur in 
100 gal. water, (The approximate metrie equivalents are 454 em. of powder and 4,540 gm. of sulfur in 378.5 
liters of water) 


Taste 2.-Parathion Spray Concentrattons—St. Hilaire, 1951—Larose Orchard—Operator 
Breathing Zone—Formulation, 1P/8S/100 Gal. Water * 


Parathion Relative Air 
in Air, ‘Temp., Hurid- Movement, 

Date Mg. Cu. M ity, % MpH 

29 am 1S 73 oS N. E. 13 
pom 71 N.13 
pom 14.0 72 58 N.13 
pom 10.0 60 N.13 
30 pom 4.0 4 72 8.6 
pom 3.5 72 S.6 
30 7 8.6 


* The expression “IP 8S lo) Galo Water” means 1 Ib. (4454 gm.) of 15% parathion wettable powder and 
(3,629 gm.) of sulfur in 100 gal. (378.5 liters) of water 


Ib 


being added. Values derived from two tests in which the dust cloud rose to the 
operator's breathing zone ran 16 and 26 mg./cu. m. at a wind velocity of 6 mph. 
It will be noted that concentration is not excessively higher than during spraying 
with “blow-back.”” In view of the very short time required to dump bags in formu- 
lating the mixtures used at St. Hilaire, and because the dust cloud is carried past 
the breathing zone in a few seconds, the exposure during filling can probably be 
considered of secondary importance. 

Residual Parathion.—From the inception of parathion there has been concern 
with regard to the hazard in orchards following spraying. Tests were therefore 


carried out to determine concentrations of residual parathion in orchard air. This 
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index yields a measure of the respiratory exposure. Skin exposure will be a func- 
tion of both air concentration and parathion in wettable powder deposited on vege- 
tation. Measurements on vegetation were not carried out, owing to the lack of 
satisfactory analytical techniques at the time of the study. 

Preliminary tests for residual parathion revealed that spray drifting from 
orchards as far as three hundred yards away could significantly influence the air 


concentrations. As a result, precautions were taken to ensure that measurements 


TABLE 3.—Restdual Parathion in Air—St. Hilaire, 1951—Petit Orchard, 4 Ft. (1.2 Mo Al 


Ground—l ormulation, 44P/10S/100 Gal.* 


Parathion Relative Air 
in Air, Temp., Humid Movement, 
Test Date Time Me. Cu. M F ity, % MpH ’ 
Spraying ; > 2S 1004.10 p.m 14.0 N.E.11 
Residual ames 3.30-5.30 p.m 0.08 N. E.13 
Residual 6 1s $.55-9.00 p.m O16 7s 
sprayed at 
3.40 p.m 
Residual. . ow 2.00-8.00 pom 0.08 s.W 
Residual 11.0 a.m Trace st Ciale 
9.00 pom 
Residual 11.0 a.m ‘Trace 
0.00 pom 
‘The expression 10S 100 Gal.’ means Ib. (340 em.) of parathion wettable powder and 106 Ib 
(4.40 gm.) of sulfur in 100 gal. (378.5 liters) of water 
Tasie 4.—Residual Parathion in Air—St. Hilaire, 1951—Larose Orchard, 4 Ft. (1.2 Mi) Abdve 


Ground—Formulation, 1P/8S/100 Gal.* 


Parathion Relative Air 
in Air, Temp., Humid Movement, 
Test Date Time Me./Cu. M F ity, % MpH 
Residual 5/28 3.00-4.30 p.m OSS Gusty 
Sprayed N. E. 11 


Residual 


.00-6.15 p.m 


Gusty 


N. E. 16 

Residual 10.30 a.m 0.25 73 N. E. 18 
12.00 p.m 

Residual... » 10.00 a.m 0.008 N.5—S8. 
5.00 p.m 

Residual. . 31 10.00 a. m 7s 8.2 
12.30 p. m 

Residual 66 10.00 a. mn O12 Ss. W. 11 — 


5.00 


For meaning of “1P 88/100 Gal," see Table 2 


of residual parathion were not carried out while spraying was in progress at nearby 
orchards. ‘Table 3 giving residual findings on the Petit orchards shows that after- 
noon spraying of a low-concentration mixture under windy conditions, viz., May 


28 p. m., yields a residual value of 0.09 mg./cu. m. on the day following spraying 
and 0.10 mg./cu. m. nearly three weeks later, no nearby spraying taking place at 
these times. The values of June 20 which were obtained following a June 18 spray- 
ing suggest that high wind velocity may have cleared parathion out of the air. Table 
4 for the Larose orchard, where a higher spray concentration was used, shows 
that residual parathion decreased more slowly, though wind conditions appear to 
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have been comparable. These findings demonstrate the difficulty of precise assess- 


ment of air pollution and show that such measurements out-of-doors are subject 
to strong influences, particularly of the meteorological type. Nevertheless, the levels 
found match the values of American Cyanamid investigators in a California citrus 
grove 

It appears that parathion will linger in detectable amounts in orchards for a 
considerable period following spraying. This aspect deserves further investigation, 
particularly tests on leaves and fruit, as it carries implications for safety during 
thinning operations in which skin contact, as well as respiratory exposure, is involved. 


EFFECT OF EXPOSURE ON BLOOD CHOLINESTERASE 


The experiments so far described have established the air level of parathion in 
the orchards under study. These measurements have also provided an index of 
the surface exposure and indirectly of skin absorption. The effect of a few days’ 
exposure in each 10 days over a two-month period may now be presented in terms 
of the change found in the blood cholinesterase of a group of exposed persons. 
The capillary version of the Michel test as adapted by Hamblin and Marchand * 
was employed in estimations on the plasma and red cell fractions of blood. There 
were three blood samplings during the spray period and two further samplings in 
July and October to provide a control level. Inevitably, gaps in the data occurred, 
owing to inability to secure blood on certain occasions, and other eventualities of 
this kind. The results are expressed in pH units rather than percentage of a 
“normal” figure. Reference may be made to recent interest in the coexisting 
cholinesterases of blood. The Michel test includes techniques for measuring pseudo- 
cholinesterase in plasma and true cholinesterase in the red cells. It is to be stressed 
that the ApH values derived from the Michel test may not be cross-comparable 


from laboratory to laboratory at this stage of knowledge of the parameters of the 
test. 

Exposed Group.—The exposed group consisted of 1 female and 32 male adults 
chosen on a basis of experimental convenience. Age level was largely young adult. 
Specific age and sex distribution were not sought in view of the negative findings 
of Callaway, Davies, and Rutland '' on these aspects. 

Information concerning general health experience was collected. Personal pro- 
tective measures featured dungaree coveralls, rubber boots, fabric and rubber caps, 
and fabric mitts. Rubber clothing was worn in only a few cases. Respirators were 
indifferently used and variably cared for by roughly one-third of the group. In 
summary, personal protective measures matched the level of comfort and practi- 
cability typical in other orchard areas of the country. 

Control Group.—At the commencement of these experiments in May, 1951, 
the literature provided only limited information about normal variation in plasma 
and red cell cholinesterase. Furthermore, normal levels of cholinesterase reported 
in the literature were based on different units of measurement. A control group, 
socioeconomically comparable, was therefore constituted in Ottawa so that there 
would be an index against which to compare recovery levels of the exposed group 

11. Callaway, S.; Davies, D. R., and Rutland, J. P.: Blood Cholinesterase Levels and Range 
of Personal Variation in a Healthy Adult Population, Brit. M. J. 2:812 (Oct. 6) 1951. 
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at St. Hilaire. For this purpose the cholinesterase in plasma and red cells of 39 
Ottawa civil servants was estimated on three occasions. This group was largely 
of voung adult age. 

Table 5 summarizes cholinesterase levels for the control group. It will be noted 
that red cell variation from individual to individual is considerably lower than the 
variation of plasma. Coefficients of variation come to 22.6% for plasma and 14% 
for red cells. This finding confirms the recently published work of Callaway and 
co-workers,'' who found the coefficients of variation for plasma and red cells to be 
21.7% and 15.4%, respectively. Agreement of period averages was good. Fre 
quency distributions, which will not be shown, were close to normal. Student's t-test 
for significance of ditferences,'* when applied to the plasma levels for October and 
February, which differed by 0.06, yielded a nonsignificant probability (P) value 
of 0.16. 


TaBLe 5.—Cholinesterase Levels for Control Gr up m Ottawa, 1951-1952—Michel Method, 
Capillary Technique 


August Oetober February 
n* Level &. Level sD n Level Ss. D 


*n= number of samples 
S.D standard deviation 


6.—Blood Cholinesterase Levels for Sprayers—St. Hilaire-Rougemont, 1951—Michel 
Vethod, Capillary Technique 


Plasma Red Cell 

AV AV 

Level, Level, 

Sampling Dates Samples pH S.D Samples pH S.D 

May 30-June 33, 0.78 O14 0.08 
June 12-18 0.77 ‘ 06) + 0.08 
3 June 16-22 O74 0.15 0.04 = 
4 July 25-27 7 O19 0.79 0.09 
5 Oct. 3-10 4 O85 + 0.17 


Signifleance of difference between averages for periods 3 and 5 plasma, P red eell, P 


To provide more searching statistical treatment, analysis of variance was also 
carried out on plasma values of 35 subjects in whose data there were no gaps. This 
yielded a difference between subjects significant at 1% significance level and a 
small difference between periods significant at 5% significance level. In the case 
of red cell results, only a ditference between subjects materialized. 

In summary it may be stated that average plasma values for the group varied 


from period to period by a maximum of 7% (October-February ) and average red 


cell values by not more than 2.5%. 
Cholinesterase Levels of Exposed Group.—The five plasma cholinesterase levels 


for the exposed group are summarized in Table 6. Commencing with an average 


level of 0.78 at first sampling, the level dropped to 0.74 at the end of the spraying 
12. Fisher, R. A. Statistical Methods for Research Workers, Ed 5, 
Boyd, Ltd., 1934. 
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period and rose to 0.85 in October, which agrees with the average plasma level of 
the control group. It must be observed that the group had had two 2-day sprayings 
during May, prior to the commencement of sampling. Additionally it may be 
emphasized that blood could not always be obtained directly following each spray- 
ing and that there were around 10 days during which parathion exposure was 
reduced to the low residual levels existing in the orchards. In view of the work 
of Grob and associates’ it possibly may be accepted that recovery followed each 
exposure, and this no doubt accounts for the fact that average levels are not more 
steeply reduced with each subsequent sampling. Some growers sprayed unexpectedly 
in July just prior to blood sampling, so that this cannot be regarded as a fully 
unexposed period for the group 

Statistical analysis of the results revealed agreement between standard deviations 
of the exposed group and the controls (Table 5). The difference between the third 
level, at the end of the spraying period, and the fifth level, in October, had a 
significance probability of <O.016. Analysis of variance carried out on a reduced 
group for whom five values existed will be shown later in Table 10. The analysis 
confirmed significance of difference between periods to the degree of 5%. 

Fable 6 includes red cell cholinesterase values for the exposed group. Owing to 
an accident most 


f the second set of blood samples clotted, so that determinations 
of cholinesterase could not be made. Comparison of the level at third sampling 
(end of the exposed period) and the average level in October yielded a significance 
of difference equal to a value of <0.01. This period difference 1s strongly 
confirmed in an analysis of variance of a group having five values for each subject, 
as will be noted later in Table 12. 

| Comparison of Blood Cholinesterase Levels on the Basis of Symptoms—lIn 
this study, roughly half the exposed subjects reported no symptoms of ill-health. 
The remaining half reported headaches, nausea, and other nonspecific symptoms on 
one or more occasions, with a few cases of confining illness of short duration. 
Comment on diagnosis must perforce be guarded, for the subjective nature of early 
-vinptoms associated with parathion intoxication makes clinical appraisal difficult. 
Nevertheless, when adequate data on cholinesterase levels are available, the position 
in diagnosis is strengthened, and in our experiments the extensive blood findings 
warranted, if not individual treatment, at least group division and statistical valida- 
tion of the data on the basis of symptoms, 

Fable 7 shows the plasma cholinesterase values for those reporting symptoms. 
\ttention is taken with the low value reached at the third period. The value of 
0.69 obtained in July may be attributed to the fact that certain members of the group 
unexpectedly carried out a parathion spraying about three days before blood was 
sampled. ‘The difference between Periods 3 and 5 was significant to the level of 
P —_ 0.04 

Fable 7 includes plasma levels for the group reporting no symptoms. Analysis 
by Student's t-test proved that by comparison with the October level the average 
level for all values during the exposed period was significantly ditferent to P = 0.05, 


but that the average for Period 3 was not significantly different from that for Period 


\s will be subsequently shown by analysis of variance, there is a significant 
ditference in level between those reporting symptoms and those reporting no 
svimptoms 
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Corresponding red cell findings for the group reporting symptoms are shown 
in Table 8. Period differences are significant to P <O0.01. The data in Table 


8 for those reporting no symptoms agree closely with the symptom-group levels, 
suggesting that the red cell cholinesterase level has no clear-cut association with 
the symptoms reported by these subjects. 


Taste 7.—Plasma Cholinesterase Levels for Sprayers—St. Hilaire-Rougemont, 1951—Michel 


Vethod, Capillary Technique 


Those Reporting Symptoms Those Reporting no Symptoms 


Ay 


Level, Level, 
Sampling Dates Samples pH Sb Samples \ pH S.bD 
1 May 30-June 17 07 + O15 
June 12-18 13 0.75 1 O16 
June 16-22" 14 0.08 0.18 + 0.13 

4 July 25-27 6a 


5 Oct 


310" 


‘Significance of difference between averages for periods 3 and 5: For those reporting symptoms, P 
044; for those reporting no symptoms, P 0.05, but average of all values for periods 1, 2, and 3. have sig 
hifleanee P = 0.05 from period 


8.—Red Cell Cholinesterase Levels for Sprayers—St. Hilaire-Rougemont. 1951—Michel 
Vethod, Capillary Technique 


TABLE 


Those Reporting Symptoms Those Reporting no Symptoms 


Ay Ay 


Level, Level 
Sampling Dates Samples pH S.D Samples pH SD 
1 May 3-June 8 O67 0.05 + 
2 June 12-18 O57 + 1.08 
3 June 16-22" 13 ONT *oll 
4 July 25-297 12 Os O08 + 


> Oet. 3-10" O.09 13 + 


Significance of difference between averaves for periods 


Sand 5 For those reporting symptoms, P 
O.Ol; for those reporting no symptoms, P O01 


Taste 9.—Plasma Cholinesterase in Blood of Sprayers—St. Hilatre-Rougemont, 195] 
Analysis by Student's T-Test 


\verages \verages 


for in Differ Significance 
Period 3 SD October S.D ence, % of Difference 
1 All subjeets .. 0.74 O15 Os) 0.016 


O17 13 P 


Those reporting symptoms 
Those reporting no symptoms os + O13 


Difference between 2 and 3, % 13 
5 Signifieance of difference... 


Average of all values for periods 1 and 3 was significant from Oetober to P = on 


Summary of Blood Work—Vilasma data are summarized in Table 9 with an 
analysis by Student's t-test. Additional to observations already made, one may 
note that the lowering of cholinesterase levels between Periods 3 and 3 ran to 16% 
for those reporting symptoms, who, as a group, had levels 20% lower than those 
reporting no symptoms, 
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Fable 10 summarizes the analysis of variance on the smaller group of persons 


on whom all five plasma values were obtained. The findings confirm those made 


hy Student’s t-test and, in addition, prove that no significant difference existed 
hetween the levels of those wearing respirators and the levels of those not wearing 
them. The etfect can be attributed largely to poor maintenance. 

fable 11 summarizes the analysis of red cell data by Student’s t-test. Additional 


to observations already made, one may note that lowering of cholinesterase on 


exposure ran to 21% for all sprayers, 27% tor those reporting symptoms, and 
17% for those reporting no symptoms, there being no significant ditference between 


the svmptom and the no-svmptom group. 


Paute 10.—Plasma Cholinesterase in Blood of Sprayers—St. Hilatre-Rougemont, 193] 


Analysis of Variance 
Source of Variatic D } Squares MS+ Fit 
Syinptoms vs. no symptoms ! 637 ms 
tinder 6.151 441 2.218 
Rema Jer 13,0 7.4 4.718 
First three periods 13 
Remainder ~ | 
. 
Residual 11,731 144 
Potal 
Dew pees eedon 


t Ratio of the squares of the standard deviations 


SSivnifleant atl signifleance level 
2 NSienifieant at signifleance level 
Red Cell Cholinesterase m Blood of Sprayers St. 1921 


Inalysts by Student's T-Test 


\verages \verages 
for in Differ Signifleance 
Period 3 Oetoher ence, % of Difference 
\ hjeets of oll OSI P 0m 
rey t pton ‘ O09 Pr ool 
n 1 
Those eporting no syimptome ‘ O81 0.01 
13 
Differenne between anid 


Fable 12, showing analysis of variance of a reduced red cell group for whom 
five values per person were available, confirms the t-test analysis and additionally 
establishes that there is no significance to the difference from wearing or not wear- 
ing of respirators. This effect again reflects poor maintenance. It does not challenge 
the obvious importance of eliminating a route of entry to the body as unguarded 
is the respiratory route 


It has been stressed that clinical examination of these exposed persons did not 


ld, in the absence 


Wo blood findings, any positive diagnosis of parathion intoxica 
tion. However, study of the cholinesterase changes in certain subjects led to the 


conclusion that intoxication had occurred, but it cannot be emphasized too strongly 


: 

| 
‘ 
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that the diagnostic value of the cholinesterase test is doubtful unless changes are 


of considerable magnitude or unless. statistically workable 


data concerning the 


individual are available. For this reason, our presentation stresses group experience 


and deals only briefly with the individual case 


Table 13 portrays the cholinesterase levels of one of us He was forced to 


leave the field on June 18, owing to illness—general malaise 


His plasma recovery 


at for red cell cholinesterase has 


Was rapid, but it will be noted that the July value 
not reached the level subsequently attained in October. Whether it is agreed that 


this evidence establishes a case of parathion polsoning ts possibly of less importance 


PARLE 


12 


Red Cell Cholinesterase in d of Sprayers——St. Hilan ront, 19 


Source of Variatior 


Subjects 


Symptoms vs. no symptoms 0.06 
Remainder 4 i N 
Respirators vs. no respirators 


Remainder 
Periods 855 
First and third periods 
First and third vs. October 

Remainder 
Residual 


Total 


* Degrees of freedom 5 { 
+ Mean square 

Ratio of the squares of the standard deviations 

SSigniflieant at 1% significance level 


Taste 13.—Cholinesterase Levels of a Scientist *—St. Hilaire-R ugemont, 198] 


Vichel Method, Capillary Techniqui 


Date Plasma Red Cell 


May 30-June § 


June 12-June 18 O56 0.72 
June 16-June 22 6.38 0.66 
25-July 27 76 


3Oct 


10 


* This subj 


ect was first exposed on May 19, 1951. He } 


than to appreciate that continued exposure over six weeks with careful personal 


protection has been followed a few months later by doubling of plasma cholinesterase 
and an increase of 45% in red cell level. This emphasizes the importance of most 


caretul precautions and medical supervision for exposed personnel. 


COMMENT ON rHE FINDINGS 


The environmental findings reported in this paper represent an extensive 
description, if not a statistical sample, of the exposures created by hand type and 
mechanical-rocker-type sprayers, which are predominant in the orchards of Eastern 
Canada. It has been found that spray practice is accommodated more to the need 
lor pest control than to the suitability of the weather, Spraying down wind under 


low wind velocity is the preferred, though not always the practical, technique and 


Aid | PARATH N EX! SCN ol 
lnalysis of ariance 
D.F.* Sum of Squares M.S. F.3 
1.48 
1.451 
0.16 : 
8.108 
71 10,850 | 
vecame ill on June 18, 1951 
ip 
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resulted in low operator exposure running to around 2 mg. of parathion per cubic 
meter of air when 15% wettable powder was employed in concentrations of 0.75 to 
1.5 Ib. per 100 gal. of water and dispersed at the rate of 300 to 400 gal. per acre ; 
spraying into the wind led to air concentrations of as high as 15 mg. per cubic 
meter. Tank filling does not appear specially hazardous at St. Hilaire. Residual 
parathion in decimal quantities existed as a general environmental constituent 
throughout the spray period 

Comparable assessments made by \merican Cyanamid investigators * in Cah- 
fornia citrus groves led to the finding of considerably lower levels during spraying 
hut matching residual levels even though 259 wettable powder and considerably 
greater discharge rates were used. It is our opinion that the difference in air levels 
resulted from differences in spraying equipment and weather conditions. 

The blood studies reported in this paper have demonstrated that St. Hilaire 
growers as a group have October cholinesterase levels statistically similar to the 
levels of a control group in Ottawa. This October similarity extends to the smaller 
groups reporting symptoms and reporting no symptoms; it covers both plasma and 
red cell fractions. In these circumstances, if the Ottawa group are true normals, so 
must the exposed groups and their fractions also be in their final sampling period. 

\ssociated with exposure to parathion, the following major blood findings have 
heen established on the exposed group: (a) Average plasma levels were 13% 
lower at the end of the spray period than in October, and the average red cell level 
was 21% lower. (/) Division on the basis of symptoms revealed that the average 
plasma level for persons reporting symptoms was 16% lower at the end of the spray 
period than in October and the average red cell level was 27% lower. Those report- 
ing no symptoms averaged significantly higher levels of cholinesterase during 
exposure so far as plasma was concerned. In view of the internal and external com- 
parisons available for statistical treatment, and from the significance levels reached, 
it seems that chance, commonly associated with low values of n, can hardly have 
played a major role in the findings. These changes are not of the large magnitude 
to which the field has hecome accustomed in discussing positively diagnosed para- 
thion potsoning, nevertheless, Williams and Griffiths ° have recently reported para- 
thion poisoning at red cell cholinesterase reductions of 30 to 40% below the control 
level and plasma reductions of 10%. It is possibly reasonable to conclude on the 
basis of health experience and blood study that marginal intoxication has been 
experienced by our exposed group. In this case the findings offer some encourage- 
ment that vigorous safety programs at field level can eliminate some of the hazard 
in the application of this important insecticide. 
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PHARMACOLOGICAL STUDIES OF RADIOGERMANIUM 


COMMANDER H. C. DUDLEY (MSC), U. S. N. 
AND 


LIEUTENANT (jg) E. J. WALLACE (MSC), US.NR. 


i: INICOLOGICAL study of the short-lived fission products ' was begun in 
this laboratory with the study of radiogallium (Ga‘?),* and has been continued 
with studies of radiogermanium (Ge'!). The fact that germanium has chemical i 
properties similar to carbon and silicon enhanced the interest in this element, and 


it was by the use of Ge! that a study of certain phases of its metabolism has been 
carried on. 

Industrially germanium, particularly the oxide (GeO), is increasing in impor- 
tance, owing to certain unique electrical properties. The production of the crystalline 
oxide through heating in muffle furnaces may offer opportunities for industrial 
exposures. 

Extensive reviews are available giving the results of various phases of pharma- L 
cological studies of germanium and its compounds, principally germanium dioxide.* 
The earlier studies are not in agreement, some indicating that germanium ts of high 


toxicity, while others tend to show that germanium has slight toxic effect and may 
have definite hematopoietic effect. Earlier there was difficulty in chemically deter- 
mining the quantity of germanium in organic materials, thus the biological fate of 
the element received little attention. 

Recent studies in this laboratory * have shown by chemical methods that ger a 
manium dioxide is not significantly localized in any tissue and is rapidly excreted. 
It was also shown that germanium dioxide has little or no hematopoietic effect and 
is of relatively low toxicity. The studies reported herein, utilizing Ge"', were carried 
out concurrently with these other studies and were designed to confirm the findings 


From the Naval Medical Research Institute, National Naval Medical Center, Bethesda, Md Z 
The radiogermanium used in these studies was obtained from the Atomic Energy Commis- 
sion, and was produced in the Oak Ridge Reactor 
The opinions or conclusions contained in this report are those of the authors. They are not 
to be construed as necessarily reflecting the views or endorsement of the Navy Department. 
1. Plutonium Project, J. Am. Chem. Soc. 68:2411, 1946 
2. Dudley, H. C.; Louviere, L. J., and Shaw, J. C.: Effects of Injection of Radiogallium 
(Ga?t*), NMRI Report, Project NM 007 081.06.10, Sept. 15, 1951. 


3. Hueper, W. C.: Germanium, Occup. Med. 4:208, 1947. Harrold, G. C.; Stuart, F. M., 
and McCord, C. P.: The Physiological Properties of Germanium, Indust. Med. 13:236, 1944. 

4. (a) Rosenfeld, G.: Method for Determination of Germanium in Biological Materials, 
NMRI Report, Project NM 006 012.04.45, Report 1, 1952. (hb) Rosenfeld, G., and Wallace, 
E. J.: Studies of the Metabolism of Germanium, NMRI Report, Project NM 006 012.04.45, 
Report 2, 1952; (c) Studies of the Acute and Chronic Toxicity of Germanium, NMRI Report, 
Project NM 006 012.04.45, Report 3, 1952 
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relative to the excretion and distribution pattern of GeO. In addition, a study has 
heen made of the physiological fate of parenterally administered suspensions of 
elemental germanium, colloidally dispersed germanium, are-dispersed Ge sol, suspen- 
sions of vitreous germanium oxide, and of germanium sulfide (GeSs). 


MATERIAL AND METHODS 


l’reparation of Matertals.—Amorphous GeOz: GeCl, was prepared by the method of Tabern. 
lhe chloride was treated with NH,OH in the cold. After filtering and washing with hot water, 
the resulting amorphous GeO. was dried at 100 C. This method of preparation gives a product 
of ligh purity and of greater solubility (4 gm. per liter of water at 20 C.), when compared with 
other GeO, preparations 

Vitreous GeOo: Commercially available GeO, (Eagle-Picher) was fused in an aluminum 
oxide cructble at 1,500 ¢ Ihis melt was cooled in the furnace and later chipped from the 
crucible. The glasslike product was ground in an agate mortar and finally in a ball mill with flint 
halls for 24 hours. The product was a white powder, with slight solubility (1.0 gm. per liter of 
water at 20 C.) 

Germanium (ic) Sulfide (GeS.): Amorphous germanium oxide was suspended in hot 6-N 
H.uSO, The hot solution was filtered; the filtrate was cooled rapidly and saturated with HeS. 
The stoppered flask was allowed to stand overnight, after which time the GeS. was filtered, 
washed with alcohol, then with ether, and stored in a vacuum desiccator. The final yield of GeS: 
is not great by this procedure, because of the low solubility of the GeOs in H.SO,. The purity 
of the product is such that it can be used directly in pharmacological studies. 

Elemental Ge: Commercially available cast elemental germanium ( Kagle-Picher) was ground 
in an agate mortar and then in a ball mill, with flint pebbles, for 24 hours. The resulting gray- 
black flour was suspended in distilled water for 24 hours. That fraction which remained in 
suspension was separated by centrifugation of the supernatant fluid and used for the biologic 
studies. It could be resuspended easily in water or isotonic sodium chloride solution, particularly 
if some protective colloid (1. €., gum acacia) was used. 

Colloidal Germanium: The elemental germanium powder described above, after elutriation, 
was passed five times through a hydraulic colloid mill. A gray-brown stable sol was obtained 
with particle size in the range 0.5 to 1.0 4. 

Germanium Sol: A stable sol of elemental germanium has been produced by the underwater 
arcing of two Ge rods (6-mm. diameter) utilizing an alternating current of 200 to 220 volts, 
6 to 8 amp. By hand-controlling the arcing process, a considerable part of the Ge was dispersed 
as gray to brown particles which could be removed by centrifugation at 1,500 rpm. There 
remained a clear coffee-colored supernatant layer, the color of which did not dialyze through 
cellophane but precipitated on the membrane. This solution exhibited a typical Tyndall beam 
and is considered to be a true colloidal suspension of elemental germanium. It is stable for several 
weeks if stored out of contact with oxygen. 

If the water suspension of any of the finely divided elemental germanium preparations is 
exposed to air, the result will be the oxidation of the germanium with the formation of a colorless, 
shghtly acid solution or, in the case of the more concentrated preparations, a white precipitate 
of GeOs. Therefore, the suspensions must be stored under reduced oxygen tension until ready 
tor use 

Preparation of Radioactive Materials: Samples of each of the oxides described above, the 
elutriated Ge powder, and Ge are electrodes were sealed individually in quartz ampules and 
irradiated for 30 days by neutron bombardment in the Oak Ridge reactor. On receipt, each 
sample was held before use at least 15 days, to permit the decay of Get? and As?? (40-hour 
half-life). The radioactive forms of the preparations were prepared as suspensions in 0.99% 
saline or as stabilized (0.5% gum acacia) colloidal solutions. 

The decay scheme of radiogermanium (Ge?? — As??) (Ge?!) is shown in Figure 1. 

Method for Estimating Germanium in Biological Materials: An accurately weighed sample 


(abeut 5 gm.) of tissue or excreta was placed in a 250-ml. pyrex” flask fitted with an air con- 


5. Tabern, D. L., and others: Preparation of GeCh, J. Am. Chem. Soc. 47:2039, 1925. 
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denser (soil-digestion flask). Fifty milliliters of 12-N sulfuric acid, 10 mg. germanium (as 
sodium germanate), and one or two glass beads were added and the mixture was digested for 
24 hours on a hot plate at low temperature (about 200 C.). 

After cooling, there was added to the digestion flask 10 ml. of 30% hydrogen peroxide. The 
mixture soon became practically colorless, after another short digestion. The digestion was 
continued until the liquid again assumed a light straw or brown color. It was cooled and a pinch 
of manganese dioxide powder added to determine the presence of peroxide. If hydrogen peroxide 
was still present, sufficient MnO, was added to catalyze the decomposition of the excess H2Os. 

To remove any solid material, the mixture was filtered into a 250-ce. flask and the residue 
washed with two portions of distilled water. The final volume was 100 to 150 cc. (4 to 6 N). 
The filtrate was cooled in ice water and saturated with hydrogen sulfide, at which time a white 
to light-brown precipitate formed. The flasks were stoppered tightly and allowed to stand at 
room temperature for 24 hours, to ensure complete precipitation and agglomeration of the 
colloidal GeSe. 

The precipitate was filtered onto a flat dise of paper 17 mm. in diameter (by using a filtering 
device as shown in Fig. 2). The precipitate was washed from the flask with 6-N H.SO,, since 
water will peptize the precipitate and cause much of it to pass through the filter paper. To the 


Natural Germanium Radioactive Holf- 
Germanium Life 
% Abundance 
Ge 70 20.6 Ge 7! 11.4 days 
Ge 72 27.4 Ge 75 82 min. 
Ge 73 7.6 Ge 77 12 he. 
Ge 74 36.7 (As?7 40 he.) 
Ge 76 7.7 
Ge (1,7) Ge 
Ge? %(n, 7) Ge?! 32 32 6.7) 
32 32 K capture 
9 Kv x-ray of Go 
nm 
o 3 \ (A) 
(Stable) ” 
Se 
34 
(Stable) 


Fig. 1.—Preparation and decay of radiogermanium (Ge7? + Ge?!) (Nuclear National 
Sureau of Standards Circular No. 499 and Supplement No. 1, 1950). 


filter paper (damp with 6-N H2SO,) was added 1 ml. of a 75% alcohol-25% glycerol solution. 
The filter paper was sucked dry and 5 cc. of ether added; it was again sucked dry, and 1 cc. of 
the glycerol-alcohol solution added, and the filter paper again sucked dry. This procedure serves 
to remove the sulfuric acid and to render the paper disc less likely to curl and the precipitate less 
likely to flake when drying. The filter disc was removed from the holder and dried for one hour 
at 9) C. These discs may best be counted in a windowless-type counter (nucleometer) because 
of the soft radiation (9 kv. x-ray of Ga). The efficiency of the gas-type counter is several hun- 
dred times that of a thin end window-type Geiger tube of conventional design. 

Standards containing known amounts of Ge?! and stable Ge should be prepared using 5 gm. 
of tissue plus 10 mg. of germanium as sodium germanate. These standards are carried through 
the entire procedure as shown above. The counting resulting from these standards may be used 
to calculate the amount of Ge?! and the total Ge content of the unknown. 

In the case of urine samples, 10 cc. of hydrogen peroxide may be added at the time of mixing 
the urine and the sulfuric acid. In general, a single 24-hour digestion with sulfuric acid will 
suffice. In digesting feces samples it has been found necessary to add several 10-cc. increments 
of peroxide in order to digest the cellulose materials completely. The digestion procedure does not 
cause solution of fats, and these will be removed on filtration after the peroxide digestion. 


= 
i 
4. 
} 


266 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


The above method of estimating germanium by the use of Ge7! is based on the fact that the 
quantity of carrier Ge which will be contained in a biological sample will be small in comparison 


with the 10 mg. of germanium added initially to each sample. The added germanium is sufficient 
to give a layer of GeS, which is infinitely thick with respect to the radiation (9 kv. gamma). 
Theretore, the number of counts obtained from the surface of the germanium sulfide will be a 


sunple function of the radioactive Ge?! present, and likewise the amount of carrier germanium 
originally in the sample 


LOWER VIEW 


FILTER PAPER 
DIAPHRAM 


Fig. 2.—Filtering device for radioactive precipitates 


Studies of various ashing procedures have indicated that biological samples containing ger- 
manium cannot be ashed in a muffle furnace without significant loss of germanium. Likewise, 
acid-type ashing, in which the ashing is done in an open beaker or flask, has caused loss. This 
appears to be the result of the volatilization of germanium chloride GeCl, (boiling point, 87 C.). 
The ashing procedure as outlined here utilizes a relatively low temperature together with an 
air condenser which prevents volatilization of the germanium. 


Animal Studies——To determine the distribution of germanium following intravenous injection 


of germanium dioxide (GeO), rabbits and dogs were given single intravenous injections of the 
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amorphous oxide stabilized with 10% glycerol to increase its solubility at pH 7.4. Five groups 
of normal albino rabbits (2.3 to 3.2 kg.), three in each group, were treated with radioactive 
germanium (Ge?!) contained in the amorphous carrier germanium oxide. The dose ranged trom 
5.0 to 13.0 mg. Ge/kg. This dosage range produced no indication of toxic effects in the bio- 
chemical and toxicological studies reported earlier.” The effect of this dosage of radioactive 
material is not biologically significant owing to (a) the rapid elimination, (>) the relatively low 
specific activity (#c/gm.) and (c) the extremely low energy of the radiation 

Three normal male dogs were administered intravenously a dose of 3.4 mg. Ge/kg. (as GeOs, 
pH 7.0). This series of dogs served to indicate that the finding of rapid elimination was not a 
species peculiarity of the rabbit 

The animals under study were housed in metabolism cages and the excreta collected each 
24 hours. At the end of 72 hours following administration of the germanium dioxide the animals 
were killed and representative tissues removed at the time of autopsy. The tissues were analyzed 
by the radiochemical technique outlined above. 

To determine whether relatively insoluble particulate germanium preparations could be used 
as a means of delivering the soft radiation to tissues, rabbits and rats were parenterally adminis 
tered isotonic sodium chloride solution suspensions of clutriated Ge powder, colloidal Ge (0.5 to 
1.0 #), are produced Ge sol, GeSs suspension, amorphous GeOs, and vitreous GeOs. 

The urine and feces of the rabbits were collected daily for a three-day period after injection; 
then the rabbits were killed and representative samples of tissues were taken for germanium 
analysis. The dosage was 15 mg. Ge/kg. and therefore below the physiological effective range 
Rats were similarly treated except that the urine and feces were not studied. The chemical 
analysis was by the method of Rosenfeld. 

Similar germanium distribution studies were made with rabbits following parenteral admin 
istration utilizing the same germanium preparations described above except that in each case 
the germanium had been rendered radioactive and the determination of Ge?! was carried out 
by the radiochemical method previously outlined 


RESULTS 
Distribution and Excretion of Amorphous Radiogermanium Oxide (Ge). 
Detailed studies have been made of the tissue distribution and of the excretion via 
urine and feces. No significant localization of germanium was found in any of the 
15 rabbits which were killed 72 hours after intravenous administration of the ger- 
manium oxide. In general, the small residual GeO, remaining in the animal 72 hours 
after intravenous injection is rather widespread. The tissues which contained the 
highest concentration were liver, kidney, spleen, bone, and gastrointestinal tract. 
The concentration in these tissues varied between 0.1 and 2.7 y Ge/gm. fresh tissue. 

In Table 1 are shown the details of the findings of the three rabbits receiving the 
highest dose of GeO, (13.5 mg. Ge/kg.). As will be noted, there was no significant 
localization in any of the tissues of these three rabbits, which is typical of all of the 
12 rabbits studied. Confirming these findings are those with three dogs, results of 
which are also shown in Table 1. 

Excretion of germanium following intravenous injection was largely via the 
urine, with a mean urinary output by 15 rabbits of 75% of the injected GeOs within 
72 hours. During this time a mean of 9% was found in the feces. Details of the 
excretion findings in three rabbits receiving 13.5 mg. Ge/kg. are shown in Table 2. 
Similar studies were made of the urinary clearance of Ge in three dogs. A mean 
of 90% of the intravenous injected GeO» was excreted in the urine within 72 hours. 

The results of tissue analysis given in Table 1 for rabbits and dogs show the ger- 
manium to be of a low order of magnitude compared with the initial weight of the 


6. Rosenfeld and Wallace, Footnotes 4b and c. 
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Taste 1.—Distribution of Germanium Seventy- 


Injection of GeO. 


MEDICINE 


wo Hours After Intravenous 


Concentration, y Ge/Gm. Tissuet 


Kidney 
Rabbit 13° 2.3 
M4 1.7 


1 


* The dose for these rabbits was 13.5 ming. Ge/ke. (as GeOe, pH 7.0). 
trace quantities lung, musele, heart, subeutaneous fat, skin, bone 
tained in the gastrointestinal tract accounted for the greater part of the Ge 

* The concentration was determined by radiochemical counting of Ge.7} 

tThe dose for these dogs was 3.4 mg. Ge/kg. (as GeOo, pH 7.0). 
trace quantities of Ge 


ot tre 


Bone 
1.0 1.5 


1.8 


Spleen 


0.9 


The following tissues contained only 
marrow. 
remaining in the animal. 


The residual Ge con- 


The following tissues contained only 
jung, muscle, heart, subcutaneous fat, skin, and bone marrow. 


Taste 2.—Excretion of Germanium by the Rabbit 


+ Ge in Urine % of 
Dose in 
72 Hr. 


io 


48-72 Hr. 
0.76 
12.6 


0.61 


2448 
1.51 
3.61 
1.42 


0-24 
2.21 
3.62 


1.82 


Rabbit 13° 
1d 


*The dose for these rabbits was 13.5 mg. Ge/kg. (as GeOz, pH 7.0). 
feces were determined by radiochemical counting of Ge7} 


The 


Taste 3.—Results Germanium 


of Studtes of Particulate 


Route of 
Adminis 
trationt 
Flutriated 
Ge powder* 


Exeretion$ 
Ge Prepa 
ration Urine 
Marked Ge 

for 44 hr. 


Animals 
Rabbit 3 


Species Feces 


Slight Ge 


Rat Not deter- 


mined 


Not deter- 
mined 
Rabbit Marked Ge 

for 48 hr 
Marked Ge 

for 48 hr 
Marked Ge 

for 48 hr 
Marked Ge 

for 48 hr 

Not deter 
mined 

Marked Ge in 
feces to 24 hr.; 
amounts still 
end of 72 hr 
Marked Ge 
feces for 24 
urine at 72 
some in 


Slight Ge 
for 48 hr. 
Slight Ge 
for 48 br. 
Slight Ge 
for 48 hr. 
Slight Ge 
for 48 hr. 
Not deter- 
mined 
urine and 
signifleant 
present at 


Colloidal Ge* Rabbit 
Ge sol (are 
produced) 


suspension 


Rabbit 
Rabbit 
Rat 


Vitreous 


Rabbit 


Amorphous 
ties 


Rabbit in urine and 
hr.; none in 
hr. but still 


feces to 72 hr. 


* This preparation caused immediate death if intravenously injected. 

+The dosage was 15 mg. Ge kg. body weight. 
Sube., for subcutaneous 

} This was determined chemically ** 


+ Ge in Feces 


% of 
— Dose in 
24-48 48-72 Hr. 72 Hr. 
1.52 0.95 9 
2.34 0.52 12 
0.57 0.06 6 


concentrations in urine and 


Compounds 


Tissue 

Distribution 
Trace quantities in tissues 
after 72 hr.; marked reten- 
tion by mesenteric nodes 
Trace quantities in tissues 
after 72 hr.; marked reten- 
tion by mesenteric nodes 
Definite localization only 
at site of injection 
Trace quantities in tissue 
after 3 days 
Trace quantities in tissue 
after 3 days 
Slizht trace amounts in 
all tissues except kidney 
and spleen, in which cone. 
was 4to 13 
Liver, lungs, kidney and 
spleen contain 5-12 y/gm. 
at end of 72 hr. 


Liver, lungs, and spleen 
contain 3-6 y/gm. at end 
of 72 hr.; none in kidney 


I. P. stands for intraperitoneal; I. V., for intravenous; 
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germanium administered. The fact that these values may vary as much as fivefold 
from animal to animal receiving the same dose of GeOg is not significant when it is 
realized that each animal received doses of the order of 13.5 y Ge/gm. whole body 
weight. At the end of 72 hours, all tissues have been generally cleared of the ger- 
manium except those having excretory functions. In fact, the values for the latter 
might be considered to be in the high-trace range. 


Effects of Injection of Particulate Ge Compounds.—Rats and rabbits were 
parenterally administered various preparations of relatively insoluble germanium 
compounds (15 mg. Ge/kg.). Details of these studies are shown in Table 3, and 
the findings indicate that finely divided elemental germanium, GeSy and GeOs, is 
readily dissolved by the rabbit and the rat. By this process, the organism is able to 
metabolize the elemental Ge and GeS», probably by oxidation to GeOs, and thus 
eliminate them through the kidneys and the gastrointestinal tract. 

The studies of the particulate germanium compounds have been duplicated with 
the radioactive (Ge*') materials. The results of these studies are essentially identical 
with those reported in Table 3 and are therefore not given in extenso here. 

Studies have been made of the cellular components of the blood of rabbits given 
intraperitoneal injections of amorphous radiogermanium (Ge) oxide, at a dosage 
of 1 me. Ge*!/kg. The carrier germanium amounted to 500 mg. Ge/kg. No signifi- 
cant changes were observed in the number of erythrocytes or in that of any of the 
different forms of leucocytes. We have been unable to produce any gross evidence 
of radiation effect with the Ge™' samples which were obtainable (5 me./gm. GeO, 
at the time of completion of irradiation ). 

Animals of all the species utilized in the radiogermanium studies have been 
observed for as long as 90 days after injection, and no gross changes were observed 
during this time. 

COM MENT 


The studies reported herein, on the tissue distribution and excretion of radio- 
active germanium, rabbits and dogs being used as test animals, are in agreement 
with those obtained by Rosenfeld ® in the biochemical and toxicological studies of 
stable germanium oxide, using the rat. 

As a result of the studies of the tissue distribution of germanium oxide, and the 
‘ase With which the organism renders soluble finely divided elemental germanium, 
and GeSe, germanium does not appear to be a pharmacologically active element. It 
seems to act as a nontoxic foreign material which is readily eliminated. No signifi- 
cant amount of the element seems to be incorporated into the body economy despite 
the fact that it is chemically similar to carbon and silicon. Because of its inertness 
and the ease with which it is eliminated, it is suggested that GeOs, both in the inert 
form and in the radioactive state (as Ge*'), might be useful in the study of fluid 
spaces, blood volume, and perhaps renal function. 

The dose of radiation delivered to 1 gm. of tissue by 1 me. of Ge *', contained 
therein, is calculated to be approximately 9 roentgens during complete disintegration. 
This calculation is based on the method of Marinelli, Quimby, and Hine,’ and the 


7. Marinelli, L. D.; Quimby, E. H., and Hine, G. S.: Dosage Determination with Radio- 
active Isotopes: II. Am. J. Roentgenol. 59:260, 1948. 
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result indicates that this radiation in such tissue will not be significant from the 
standpoint of possible therapeutic application. Since the capture cross section of 
Ge for thermal neutrons is of the order of 0.5 barn, the possibilities of producing 
from a natural germanium a sample having a high specific activity are remote. 

Qn the basis of the pharmacological inertness and the ease with which the organ- 
ism can solubilize and eliminate the usual forms of germanium (GeOs,, GeS2, and 
finely divided elemental Ge), it appears that this element offers little danger as an 
acute industrial poison 

In view of the facts outlined in this series of reports and because of the short 
half-life of Ge'? — As? (40 hours) and the low energy of Ge* (ta = 11.4 da.), 
it appears that the radioisotopes of Ge resulting from fission do not constitute a 
significant radiological hazard. 

Because of the chemical similarity of germanium and carbon, and the ease with 
which the Gie-C bond may be synthesized, it is probable that pharmacologically inter- 
esting organogermanium compounds may become available. The metabolism of such 
materials could be studied by utilizing Ge" as a tracer and applying the chemical 
separation procedures and counting techniques outlined in this report. 


SUMMARY AND CONCLUSIONS 


\ method is presented by which the germanium in tissues and excreta may be 
determined by radiochemical counting of radiogermanium (Ge*'). 

Studies of the distribution and excretion of radiogermanium (Ge"!) oxide in the 
rabbit and the dog mdicate that this compound is rapidly eliminated, chiefly by way 
of the urine. No selective tissue localization occurred. 

Studies of both stable and radioactive (Ge*!) particulate germanium preparations 
indicate that the organism can easily dissolve finely divided elemental germanium 
and rapidly eliminate it, probably as the oxide. 

Germanium oxide appears to be pharmacologically inactive. Because of the low 
energy (9 ky.) of the radioactive form Ge*', the biological effectiveness of this 


isotope is not significant. 
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RAPID MICROMETHOD FOR ELECTROMETRIC DETERMINATION OF 
RED CELL CHOLINESTERASE ACTIVITY IN WHOLE BLOOD 


W. E—. MacDONALD Jr. 
JACKSONVILLE, FLA 

C. B. POLLARD 
AND 
A. H. GROPP 
GAINESVILLE, FLA. 


HIS PAPER describes a rapid micromethod for electrometric determination 

of red cell cholinesterase activity in whole blood. Earlier attempts to deter- 
mine cholinesterase activity of whole blood have resulted in confusing results, 
owing to incomplete information as to substrate and salt concentrations. The present 
method provides an accurate measurement of activity of red cell cholinesterase in 
the presence of the plasma, or nonspecific, enzyme. 

The fundamental principle of Michel's method ' has been adopted and modified. 
Substrate concentration and sample size are adjusted to give optimum activity, of 
the red cell cholinesterase. The background for such changes is suggested in the 
experimental work of several investigators. Alles and Hawes * and Mendel and 
Rudney * have shown that red blood cell cholinesterase, the “true”? enzyme, is at 
maximum activity in a system containing acetylcholine as substrate at a concentra- 
tion of about 10° molar, with pH at about 8 and a salt concentration of about 10° 
molar. Under the same conditions the activity of nonspecific cholinesterase 1s rela- 
tively low and constitutes only a small fraction of the total activity of whole blood. 
Because of this, the plasma enzyme, under the conditions described, should not 
seriously interfere with the determination of red cell cholinesterase activity in whole 


blood. 


Chemist, Division of Industrial Hygiene, Florida State Board of Health, Jacksonville, Fla. 
(Mr. MacDonald); Professor of Chemistry, University of Florida, Gainesville, Fla. (Dr. 
Pollard); Associate Professor of Chemistry, University of Florida, Gainesville, Fla. (Dr. 
Gropp). 

This paper is abstracted from a thesis submitted by William E. MacDonald Jr. to the 
Graduate Council of the University of Florida in partial fulfillment of the requirements for the 
Degree of Master of Science, June, 1950. 

1. Michel, H. O.: An Electrometric Method for the Determination of Red Blood Cell and 
Plasma Cholinesterase Activity, J. Lab. & Clin. Med. 34:1564, 1949. 

2. Alles, G. A., and Hawes, R. C.: Cholinesterases in the Blood of Man, J. Biol. Chem 
133:375, 1940. Hawes, R. C.. and Alles, G. A.: Cholinesterase Determinations, J. Lab. & Clin. 
Med. 26:845, 1941. 

3. Mendel, B., and Rudney, H.: (a) Some Effects of Salts on True Cholinesterase, Science 
102:616, 1945; (bh) Studies on Cholinesterase: I. Cholinesterase and Pseudocholinesterase, 
siochem. J. 37:59, 1943. 
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The method proposed is basically applicable to determining the specific enzyme 
in any mixture containing both enzymes ; in addition, it can be modified to provide 
an equally rapid means for determining the nonspecific cholinesterase in such mix- 
tures. Raising the substrate concentration to about 10° molar brings about 
maximum activity of the nonspecific enzyme while, at the same time, activity of the 
“true” enzyme is strongly inhibited.‘ 


TECHNIQUE 
Apparatus 


1. A Beckman Model G pH meter equipped with glass electrode No. 290 and calomel 
reference electrode No. 270. 


Glass reaction vessels of 9-cc. capacity, about 23 mm. in diameter and 30 mm. in 
depth, made from shell vials. 
3. A water bath providing a constant temperature of 25 C. and a rack for supporting 
reaction vessels. 
4. Pipets: (a) blood pipet to contain 20.0 cu. mm. 
(b) buffer and saponin pipets to deliver 2.0 ml. 
(c) substrate pipet to deliver 0.40 ml. 
Reagents 
1. Buffer solution: To prepare 1 liter, dissolve 2.0618 gm. barbital sodium (0.010 mole), 
0.2723 gm. potassium dihydrogen phosphate (0.0020 mole), and 44.730 gm. potassium 
chloride (0.60 mole) in about 950 ml. water. Adjust pH to about 8.12 by using 
0.1-normal hydrochloric acid (this requires about 8.5 ml.). Make to volume. When pH 
drops below 8.06, the buffer should be made up fresh. The barbital sodium should be 
checked before use by the method suggested by Michaelis.® 


2. Substrate: Weigh rapidly 0.500 gm. acetylcholine chloride and dissolve in 100 ml. 
water (solution 0.0275 molar). 
Above solution should be refrigerated at 5 C. and warmed to 25 C. for use. 


3. Freshly prepared 0.01% saponin solution. 


Procedure —Well-mixed heparinized or freshly drawn finger-tip blood is used. A 20.0-cu. mm. 
blood pipet is used to transfer accurately 20.0 cu. mm. of blood directly to the reaction vessel 
containing 2.00 ml. of 0.01% saponin solution. Laking is complete within a few minutes, and 2.00 
ml. of buffer solution is then added. The mixture is allowed to equilibrate at 25 C., and the 
initial pH (pH) is determined to the nearest 0.01 pH unit. At this point 0.40 ml. of the 
acetylcholine substrate is added, with mixing, and the mixture is immediately returned to the 
water bath. The time of adding the substrate (f:) is carefully noted. The enzymatic hydrolysis 
is allowed to continue at 25 C. for one hour, at which time the final pH (pHz) is determined 
and the exact time (ft) observed. The cholinesterase activity in terms of change of pH per hour 
is given by the following formula: 

(Equation 1) 
te — th 
where pH,=initial pH 
pH.e=final pH 
titime of mixing with acetylcholine 
tetime of reading pHe 
te—f;—=reaction time expressed in minutes 
4. Nachmansohn, D., and Rothenberg, M. A.: Studies on Cholinesterase: I. On the 
Specificity of the Enzyme in Nerve Tissue, J. Biol. Chem. 158:653, 1945. 


5. Michaelis, L.: Diethylbarbiturate Buffer, J. Biol. Chem. 87:33, 1930. 
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The buffer solution used in this method was adjusted to give a change of about six-tenths 
pH unit per hour with a normal blood. The potassium chloride concentration was kept the same 
as that used by Michel, because it was shown by him to be at optimum concentration for the cell 
enzyme. The initial pH value of the reaction mixture was about 8.08. The buffer capacity 
contributed to the reaction mixture by the blood was found by differential titration to constitute 
about 5% of the total between pH 8.00 and 7.00 


As indicated before, the substrate concentration in the reaction mixture at the start of the 
reaction was 0.0025 molar. 


3ecause the amount of substrate was necessarily small, changes 
of concentration as the reaction proceeded were expected to cause variation in the rate of 
hydrolysis. Such phenomena were observed in this method. In order to avoid errors from this 


TABLE 1.—Comparison of Whole-Blood and Michel Methods 


Per Cent of Average Normal Value 
— 
Whole-Blood Michel Difference, 
Sample Method Method Per Cent 


Tas_e 2.—Stability of Cholinesterase Without Refrigeration (Samples Stored at Room 
Temperature for Six Days) ‘ 


Per Cent of Average Normal Value 


Sample Initial 


After Storage Change 
116 
112 
101 
107 


source, a time limit was placed at not longer than a one-hour reaction period, with variation 
limited to plus or minus 15 seconds between samples. 


Expression of Results—The results may be expressed as per cent of a normal value 
determined under identical conditions. Using the results obtained from 18 normal healthy 
individuals, we found the average normal value to be 0.564 pH unit per hour. 


Interference of Plasma Ensymes.—In order to learn to what extent the plasma enzymes 
interfere in the whole blood method, red cell cholinesterase activity values were determined by 
the proposed method on whole blood samples from eight subjects, and simultaneously on washed 
red cells from the same samples. The volume of the red cells used represented those present in 
20.0 cu. mm. of blood. After being washed free from plasma, the red cells were made up to 
the original volume of the whole blood with isotonic sodium chloride solution. The tests were 
carried out with identical conditions being maintained in all other particulars. The average 
interference of plasma enzymes was found to amount to 10.9% of the total activity. 


2 
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Comparison of the Whole Blood Method with Michel's Method.—Values for activity of 
washed red cells determined by the Michel method were compared with those from the same 
specimens determined by the whole-blood method. The variation was found to be within the 
expected experimental error of plus or minus 5%. The values are given in Table 1. 

Stability of Specific Cholinesterase on Storage.—Because the present method is especially well 
suited to determining red cell cholinesterase activity in blood regardless of the physical condition 
of the cells and the plasma (as in hemolyzed specimens), it appeared desirable to know more 
about the stability of red cell cholinesterase on storage. The red cell cholinesterase activity 
was determined by the whole-blood method on the freshly drawn heparinized blood. After the 
test portions had been removed, the samples were well mixed and divided in two. One portion 
of each sample was stored in the refrigerator at about 7 C. for a period of six days. The other 
portion of each sample was left on the bench top at room temperature for the same period. The 
temperature of the room varied from about 22 at night to a high of about 32 C. during the day. 
Most of the refrigerated samples and all of those left at room temperature were badly hemolyzed 


at the end of six days. The average change in the values of the refrigerated specimens was 


found to be an increase of 5%, whereas the average change in the samples stored without refrig- 


eration showed an increase of 1.5%. See Table 2. 


COM MENT 


Mendel and Rudney *® have shown that the amount of “true” cholinesterase 
present in the plasma is relatively small as compared with that present in the red 
cells. Because of this, the entire amount of “true’’ cholinesterase of whole blood can 
be considered as red cell cholinesterase. From analysis of the findings in cases of 
chronic exposure to parathion reported in a recent article," it is apparent that red 
cell cholinesterase shows the more radical departure from the normal, and thereby 
constitutes a more reliable diagnostic criterion of chronic organic phosphate poison- 
ing. The present method is much more rapid and requires less equipment than the 
red cell enzyme determination carried out by the Michel method. The time required 
by the complete procedure is about 1 hour and 15 minutes, with 10 minutes more 
for each additional sample. This short method of determining red cell enzyme in 
the control of workers chronically exposed to organic phosphate insecticides should 
he very attractive to pathologists, many of whom, because of the time and trouble 
involved in determining red cell values, have come to depend solely on the plasma 
values for diagnosis. 

The high stability of the red cell enzyme makes this method especially applicable 
to samples which must be stored for some time before examination. In addition, 
samples may be shipped without refrigeration, old or hemolyzed specimens can be 
used as well as freshly drawn blood, and the use of finger tip samples is made 
practical in that there is need for only 1 drop of blood. 


SUMMARY 

\ more rapid electrometric method for determining red cell cholinesterase 
activity is given in which whole blood is used directly. By careful adjustment of 
the substrate and salt concentrations of the reaction medium, the activity of the red 
cell enzyme was raised to a maximum, and, at the same time, that of the plasma, or 
nonspecific, enzyme was minimized. The interference produced by nonspecific 

6. Hamblin, D. O., and Marchand, J. F.: Cholinesterase Tests and Their Applicability in 
the Field, New York, American Cyanamid Company, March, 1951. 
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enzyme was found to be about 11% of the total value by this method. The method 
appears to be particularly applicable to control of chronic exposure to cholinesterase 
inhibitors, such as the organic phosphate insecticides. 

An average normal value was determined to be 0.564 pH unit change per hour. 
Results were expressed as per cent of this value. Results obtained on a series of 
samples by the whole-blood method were compared with results on the same samples 
by the Michel method and were found to compare favorably. 

The method is especially well suited to determination of the red cell cholin- 
esterase activity of hemolyzed specimens. It was shown that the enzyme is highly 
stable at temperatures ranging from 7 to 32 C. 


This project was conducted under the joint sponsorship of the United States Public Health 
Service and the Florida State Board of Health. 
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Abstracts from Current Literature 


General 
‘TRENDS IN COMPENSATION ATTITUDES. NoEL S. Symons, Indust. Med. 21:216 (May) 1952. 


Workmen's compensation laws were originally designed to provide uniform and prompt relief 
for employees while protecting employers from unlimited liability. As enacted in this country 
after 1908, they initially covered only liability for accidents, but they were later modified to 
include compensation for certain occupational diseases. Today there are workmen’s compen- 
sation laws in all 48 states and in all the territories of the federal jurisdiction, with occupational 
disease coverage in 41 of the 48 states. In some states, including New York, the coverage 
has been widened to the extent of being all-inclusive with respect to occupational diseases. 

The present-day attitude of labor varies significantly from that of industry with regard to 
the compensation laws. In general, labor strives for (1) coverage for all workers not now 
covered, (2) coverage unlimited as to injuries and occupational diseases, (3) benefits increased 
in proportion to the rising cost of living, and (4) a single federal workmen’s compensation system 
with uniform coverage and adequate benefits. Industry, on the other hand, maintains that (1) 
undue increase of benefits might encourage malingering, (2) benefits should be in accordance 
with resources, and (3) a better method of verifying industrial disability should be devised 
so as to protect industry against exaggerated medical charges. The two sides agree on the 
necessity of eliminating hazards. 

The article continues with an extensive treatment of deafness as an occupational disease and 
describes its legal consequences since the question was first referred to a New York Court of 
Appeals in 1948. The decision reached at that time was (a) that deafness is an occupational 
disease and (b) that compensation should be awarded for the worker's physiological loss, 
regardless of whether economic loss had followed. This was in contradiction to the principle 
of the compensation laws which geared awards to the worker's loss of earning power. Further 
complications were added by medical testimonies which declared that in some cases the deafness 
was caused by acoustic fatigue and was not necessarily permanent. As a result, the New York 
Workmen's Compensation Board decided upon a condition whereby the worker cannot obtain 
an award so long as he is earning full wages, but he has an ultimate right to be recompensed for 
acoustic damages which prove to be permanent six months or more after he has left the job. 

This final decision of the New York Board has by no means ended the list of complications 
involving legal technicalities and other points, such as time of occurrence of the deafness and 
age as a factor in determining the percentage loss of hearing. 

Tables on hearing losses, computed on three methods of calculation, and brief discussions on 


the question of deafness as an occupational disease as dealt with in Wisconsin and New Jersey 
are included Parvin Satpt, Boston. 


Tue or Wevpers. A. T. and L. N. DuGip, Ministry of Labour and National 

Service, Factory Department, London, His Majesty's Stationery Office, 1951. 

Many investigations have been reported into the health hazards of welding, and these are 
reviewed in the report now issued; 247 male welders were examined, on 180 of whom x-rays 
were made. The average age of the group was 34 and the average length of welding was 12.7 
years; 183 were electric welders, 39 were gas welders, and 25 were mixed welders. Literature 
has established that ultraviolet rays generated by the arc will cause temporary keratoconjunc- 
tivitis with photophobia and lachrymation, seldom lasting more than 24 hours. Welding in 
confined, unventilated places (which is always to be avoided) may lead to gassing by nitrous 
fumes or poisoning by cadmium, lead, or even beryllium, should these metals be present in or on 
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the metal surfaces being welded. A slight undue tendency toward respiratory affections appeared 
to be associated with exposure to high concentrations of welding fumes; but general health was 
good, and no undue incidence of skin troubles was disclosed. Twenty-three of 180 men subjected 
to X-ray examination showed in their lungs definite changes due to dust; 17 had generalized 
reticulation, 3 had reticulonodulation or stippling ; only 3 exhibited individual nodules larger than 
pinhead size ; 142 were normal and 14 indefinite (total 179). Eighteen of the 23 showing inhalation 
changes had performed a substantial amount of their work in enclosed spaces. Some men who 
had previously shown changes were reexamined after an interval of years, and showed no 
increase in the intensity of the lesions; in one case definite signs of pneumoconiosis had entirely 
disappeared. 

Welding was not found to play any significant part in producing indigestion in the group of 
welders under review. The same applied to rheumatic conditions and to involvement of the 
central or peripheral nervous system. Further, analysis of observations suggested that the work 
of welding does not lead to any impaired exercise tolerance. Hemoglobin counts were very 
satisfactory, and no abnormal red or white blood cells were encountered. Available statistical 
evidence suggested that welders were favorably placed in regard to their sickness rates, compared 
with nonwelding workers. Although this investigation does not incriminate welding as a 
definite health risk, recommendations are made for insuring removal of all noxious fumes by 
adequate localized exhaust ventilation or the dispersal of any visible fumes by generalized 
ventilation. Particular attention should be given to the ventilation, preferably by exhaust 
draught, of confined spaces in which gas torches are used or in which dangerous or irritating 


fumes are liable to be evolved. E. L. Cottts [Bull. Hyg.]. 


Occupational Diseases and Hazards 


CLINICAL BALLISTOCS RDIOGRAPHY VALUE AND LIMITATIONS OF THE PORTABLE BALUtsto- 
CARDIOGRAPH IN DHE DETECTION OF HEART Disease. S. CHARLES FRANCO, Indust Med. 
21:197 (May) 1952. 1 
In the past few years a large number of reports have indicated a correlation between an 

abnormal ballistocardiogram pattern and an increased tendency toward cardiovascular diseases. 

Further research, facilitated by the Dock portable electromagnetic ballistocardiograph, has led 

to the following conclusions. 

In the presence of cardiovascular diseases, the percentage of abnormal ballistocardiographic 
tracings is extremely high. However, the study of apparentiy normal persons has revealed 
abnormal tracings with increasing age, there being a sharp rise at 45 to 50 years of age, when 
approximately 40% of the tracings were abnormal. Overweight is also a significant factor in 
abnormal tracings. Although an abnormal tracing is not necessarily proof of an abnormal 
heart condition, it does, however, indicate a tendency for heart diseases which might develop 
over a period of years. 

Until further conclusions are obtained, it is advisable that the ballistocardiogram be supple- 
mented by the double-standard electrocardiogram test to nullify technical difficulties which result 
in abnormal-normal variations in approximately 6% of the cases. If the result is abnormal in 
both tests, there is a definite indication of cardiovascular disease tendency, and the patient should 
follow a supervised health program 

At present the value of the ballistocardiograph is limited. What value it does have lies in 
the fact that a normal tracing in the absence of clinical abnormalities apparently excludes latent 
cardiovascular diseases. 

Discussions on the portable electromagnetic ballistocardiograph and the interpretation of 
tracings are included. 


Parvin Satpt, Boston. 
New Drucs. F. R. Fervarno, Indust. Med. 24:213 (May) 1952. 


Since June, 1951, new antituberculosis drugs (isonicotinic hydrazides) have been produced 
which are still under clinical trial. These drugs have been used in experiments on a fair number 
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of cases of tar-advanced disease and have resulted in a remarkable clinical improvement in 
every case. In a small percentage of these cases the sputum became negative for the presence 
of tubercle bacilli 

Premature publicity received by these drugs has misrepresented their actual therapeutic and 
chemical effectiveness. The apparent curative effects must be measured over a long period 
before final conclusions can be reached as to whether they arrest tuberculosis permanently or only 
suppress it temporarily. Further research is also necessary to determine the toxicity, develop- 
ment of resistance, optimal dosage, and desirable duration of therapy. It may take several years 
betore the effectiveness of the new drugs can be verified. As yet, none of the patients treated 
vith them have been discharged as tully cured 

ven though the drugs may prove curative, the tuberculosis problem is not solved. There 
will continue to be a constant need for alertuess on the part of the physician to discover early 
Cases 

The drugs have been investigated and synthesized independently by Hoffmann-La Roche, Inc., 


end FE. R. Squibb Institute. They will be produced on a mass-production scale in the near future. 


Parvin Satpi, Boston. 


OccuPpATIONAL DrAFNeEss. Josern SATALOFF, Indust. Med. 21:338 (July) 1952. 


Occupational deafness results from exposure to many forms of occupational noises. — It 
generally involves the loss of hearing for high frequencies, with resulting difficulty in discrimi- 
nating speech, which often produces serious social and psychological repercussions. 

As yet there is no scientific agreement as to the type and intensity of noise which can be 
considered hazardous to hearing 

Industries in which loud noise is a hazard should establish comprehensive hearing programs, 
administered by the industrial physician and the safety engineer These programs must include 
(a) an acoustical survey of all intense noises in the workplaces to determine which noises are 
harmful to hearing: () 


accurate preemployment hearing tests: (c) enforcement of safety 
measures, such as noise reduction and the wearing of a proper type of hearing protector, and 


(d) periodic audiograms for employees exposed to hazardous sound 


PaRVIN Satp1, Boston. 


CHROMATE DerRMATITIS IN RAILROAD EmMpLoyEES WorKING WITH DIESEL LOCOMOTIVES. 
J. R. Winston and FE. N. Watsu, J. A. M. A. 147:1133 (Nov. 17) 1951. 


Attention is called to chromate dermatitis resulting from contact with diesel-locomotive 
radiator fluid as a hazard of growing importance in the railroad industry because of the increasing 
use of diesel locomotives. A report of a case of typical chromate dermatitis resulting from 
contact with this fluid is presented. The tactors contributing to the problem and suggestions for 


its solution are presented CONDENSED FROM THE AUTHORS’ SUMMARY. 


History or LunG Diseases or Coat Miners Great Britain: Part II. 1875-1920. 
AnpREW MEIKLEJOHN, Brit. J. Indust. Med. 9:93 (April) 1952. 


This, the second of a series of three articles deals with the period 1875-1920. The general 
opinion expressed by authorities of this period was that the occurrence of lung diseases among 
coal miners was definitely decreasing. Statistics from a report of the Registrar-General are 
given in which comparison is shown of the periods 1890-1892 and 1900-1902. The decline in 
respiratory disease occurred in various geographical areas and was reflected in all age groups. 
Miners’ phthisis was the subject of discussion at a meeting ot the British Medical Association in 
1903. Oliver reported results of inhalation of coal dust by laboratory animals. He pointed out 
from these studies that the disease is due to the irritating action of the dust and 1s nontuberculous 
and nonhereditary 

The year 1880 was marked by the Employers’ Liability Act, which provided some measure 
of compensation for workmen injured by accidents in the course of their employment. Members 
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of the medical profession meanwhile urged the inclusion of compensation for occupational disease. 
In 1903 lead poisoning in pottery workers was established as the first compensable occupational 
disease, and in 1906 a committee was formed to consider other industrial diseases. Their con- ; 
clusion was that coal miners were not liable to fibroid phthisis and that, although cases of 
anthracosis in which the lungs were charged with coal dust were seen, this condition had not 
been proved a contributory cause of death 

In 1915 E. L. Collis delivered a classic series of lectures on pneumoconiosis. He indicated 
that the geographical variation in prevalence of bronchitis is due to faulting in some areas, the 
lung damage being induced by rock or sandstone dust. He stressed the highly injurious action 
of silica dust. In 1919 silicosis under certain conditions was recognized as a compensable 
occupational disease, and this event marks the beginning of the second phase 


B. H. Ampwur, Boston. 


Tue Mecuanism oF Dispersion oF Coat Particles IN THE LUNGS OF MINERS A. 
Poricarp, Brit. J. Indust. Med. 9:108 (April) 1952 


This paper discusses the histological and physiological mechanisms of dust transportation and 
the pathways by which dust particles travel. Dust cells are formed by particles of dust 
2 or less in diameter which have reached the alveoli and been phagocytosed by the alveolar cells. 

Autopsy of a miner killed by methane asphyxiation with resultant anoxic edema permitted the 
study of lung tissue in which alveoli were not collapsed. The alveolar cavities showed numerous 
cells stuffed with coal particles either free in the transudate or attached to the alveolar walls 
These dust cells were typical, being rounded or ovoid structures 18 to 20 in diameter with clearly 
defined borders but no membranes. The ovoid or kidney-shaped nuclei, 6 to 8# in diameter, 
showed a fine chromatin network. Two types of arrangement of coal particles were seen: one, ; F 
in which 2 or 3 to 10 to 20 particles were well spaced in the cytoplasm close to the nucleus, and 
the other, in which the particles were closely packed in the center of the cell in contact with the 
nucleus. The particles were entirely carbonaceous, mostly 0.4 to 0.8 # in diameter. 

The author then considers the second phase of migration of coal dust, its deposition in the j 
periarterial and peribronchial connective tissue sheaths. There are two routes of penetration, 
through the terminal bronchioles and through the periphery of the sheaths. 

In anthracotic nodules the cells are cytologically much altered. The nodule results from the 
growth of sheaths thickened by the collapse of alveoli at the periphery. The dust cells are 
thus included in the thickened walls and seem to remain permanently fixed there. The changes 
in the connective tissue are being further studied. B. H. Ampue, Boston. 


A SAMPLING PROCEDURE FOR MEASURING INDUSTRIAL Dust Exposure. P. D. 
and S. A. Roacu, Brit. J. Indust. Med. 9:112 (April) 1952. 


OLDHAM 


In order to relate the medical findings with dust exposure in studies of pneumoconiosis, 
many problems must be overcome 


The authors very clearly present these problems and 
describe a method which solves many of them. 

To obtain valid results from such a study the following factors must be considered: the 
number of men exposed; the mean concentration of dust in the working places of these men, and 
the time during which they are exposed. To obtain these data accurately is far from easy. First 
of all, it is not enough to estimate the average dose of dust inhaled by all the men in the pit 


and compare it with the medical data for only selected men. Dust sampling must be confined to 


places where the men actually being studied are working. The concentration of dust varies 
widely during a shift and between different shifts. 


The mean of 50 to 100 samples may still have 
a standard error of 25%. 


The time a given worker is actually exposed may vary widely and 
cannot be ignored. An excellent example is given of the false information which may be obtained 
by disregarding these factors. 

The authors then propose the so-called “random colliers” method by which some of these 
pitfalls may be avoided. It consists of using the movements of individual coal miners on colliers, 


pa a 
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selected at random from the group studied medically, to determine the place and duration of dust 
sampling. A detailed discussion and a specific example of this method are given. The method 


is sumple and makes the most economical use possible of a given amount of sampling 


B. H. Ampwur, Boston. 


Dust SAMPLING AND Lune Disease. C. N. Davies, Brit. J. Indust. Med. 9:120 (April) 1952. 


When sampling dust with a view to correlating the results with the incidence of disease, it 
it necessary to consider selective dust sampling. Assessment of total concentration by weight 
can lead to errors, since the larger particles are deposited in the upper respiratory tract from 
which they are excreted without ever having reached the alveoli. The application of this principle 
is discussed in relation to the nature of the air-borne dust 

Recent work on dust retention in the human alveoli is examined. For particles of unit density 
the maximum alveolar retention, occurring between 1.5 and 24, is between 50 and 60% of the dust 
inhaled. At 5a only about 30% of the particles are retained. This alveolar retention varies with 
the type of dust, being greater for coal dust than for quartz or rock dust. The ratio of tidal 
air to respiratory rate determines the alveolar retention of particles from 0.3 to 24. Upper lung 
retention varies with minute-volume and hence is sensitive to muscular activity 

\ good approach to an alveolar sample is through the selection of particles for sampling 
by an elutriator designed to accept 50% at 54. Variations in density or shape of particles should 
affect the elutriation in the same way as they affect alveolar retention, since both depend on the 


sedimentation rate of the particles B. H. Ampur. Boston 


SILICOSIS IN THE ANp Cuina-Ciay Inpustries. R. W. Tuomas, Lancet 262:133 
(Jan. 19) 1952. 


So far as is known there have hitherto been no published accounts of the occurrence of 
silicosis in the English china-clay and ball-clay industries. This paper describes two cases of 
silicosis (one complicated by tuberculosis) in these industries. The findings are discussed with 
special reference to the possible danger to health resulting from inhalation of clay dust, not only 
during certain stages of production but also in other industries where the clays are used in 


powder form From THE AUTHOR'S SUMMARY. 


PNeumocontosis In Irish Workers. J. Deeny, N. F. Watsn. and M. M. 
Conran, Irish J. M. Se., p. 193, May, 1952 


\ screening examination by a 70-mm. miniature x-ray unit was conducted on 1,133 of 1,324 
workers in coal mines of southeastern Ireland. Patients in whom the microfilms showed abnor- 
malities were subjected to more detailed examinations. Simple pneumoconiosis was found in 


60 workers and complicated pneumoconiosis in 18, 


Clinically, these men showed three stages of pneumoconiosis: (1) a mild bronchitic stage, 
characterized by a dry bronchitis; (2) a more pronounced bronchitis, thought to be related to 
the nodular stage characterized by smali aggregates of lymphoid tissue in the lungs and fine 
hbrosis, and (3) a severer stage, believed to be indicative of gross fibrosis, complicated and 
possibly produced by a superadded, not necessarily tuberculous, infection. None of these stages 
was a clinical entity, as the disease progresses gradually 

Capacity for exercise was little interfered with in the first stage, and on examination a slight 
degree of orthopnea and perhaps a few dry rhonchi were noticed. Few complaints were made 
at this stage, and the general health was hardly affected at all. Cough was present. 

In the second stage, orthopnea was more pronounced. If one walked uphill with a man in 
this stage of the disease, one noticed a considerable increase in his respiration, of which he did 
not seem to be aware. The symptoms were those of chronic bronchitis, and the physical signs 
were a slight impairment of percussion note, prolongation of the expiratory phase, and shortening 
of the inspiratory phase 
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In the third stage, most of the men were not fit for work. They were dyspneic on normal 
quiet walking. There was dullness on percussion. The inspiratory phase was further shortened, 
and the expiratory phase was frequently much prolonged. There were adventitious rhonchi and 
at times crepitations. In this final stage complicating tuberculosis was most likely to occur 

The authors feel that coal miners should undergo x-ray screening every year, but that 
examination with a 70-mm. apparatus is not adequate and that chest films should be made with 
a 200-ma. rotating anode set. 

Although the incidence of pneumoconiosis was not as great among Irish miners as among coal 
miners in Other regions, it represents a real hazard. Hardness 


f the coal and the presence 
of quartz or silica in the rock formations of the mines influence the incidence of pneumo- 
coniosis, as does also the length of time spent in mining. Each person, though, seems to have 
an individual receptivity to the condition. Men from healthly families showed less likelihood 
cf acquiring the condition than those whose families have a poor health history. In men who, 


in addition to being miners, worked their small farms, the incidence of pneumoconiosis was low. 


PRECANCEROUS SKIN MANIFESTATION IN CoaL-TaR Workers: Four Cases oF Occupa- 
TIONAL CANCER; MEASURES OF PREVENTION. I. V. Mauro, Folia med. 34:281, 1951. 


The initial lesions and cancer developing in workers exposed to coal tar are described. 
Protecting the skin with a paste of clay has not been of value because the layer becomes brittle. 
A paste made from petrolatum, ZnO, talcum, glycerol, and HO is being used, but proof of its 
efficacy is still lacking. Special attention must be given to the exposure during the cleaning 


of the kettles. E. M. [Chem. Abst.]. 


THE PREVENTION OF SILIcosis BY THE Use or Drucs. P. Zectio, Rass. med. indust. 20:65 
(March-June) 1951. 


The author is Director of the Institute of Industrial Medicine in Turin. He reviews the 
literature on the subject and the theoretical basis for using aluminum in the metaltic state and 
alumina (hydrated aluminum oxide) as a prophylactic in silicosis. He casts doubts on the 
usefulness of these substances as a cure, once silicosis has occurred. He refers to the drawbacks 
and the risks involved in the use of a product which is not pure and which has not been specially 
prepared for the purpose. 

Zeglio has devised a gel preparation of alumina which is free from acid and from other 
harmful impurities. He has tried it in aerosol form, first on guinea pigs and later on volunteers, 
and has found it to be well tolerated and effective as a prophylactic against silicosis. He describes 
how a room can be fitted in which workmen who are exposed to the risk of silicosis in their 
work can be collectively given this prophylactic treatment. He emphasizes that the method is 
intended to supplement, not to replace, other control measures which are already accepted and 


are being used against silicosis : 
are being used agains 3 Buti. Hye. 


COMPARATIVE STUDIES OF THE MINERAL CONTENT OF SiLicotic Luncs. G. PFEFFERKORN, 
Arch. Hyg. u. Bakt. 185: No. 1, 1951 


The methods described were applied to 1 normal lung, 2 tuberculous lungs, and 13 lungs of 


coal workers who had had silicosis. The color of the residues was determined before and after 
acid-washing, the Ostwald scale being used. The author subdivided the dust fractions above 1a, 
using liquids of densities 2.9, 2.7, 2.6, and 2.1. The fractions obtained were examined by x-ray 
diffraction and light microscopy, and several of them by electron microscopy. 

Results given in tabular form are qualitative, apart from the color determinations. Quartz 
was found in all lungs, including those of the controls, but the three controls had much less dust 
than the silicotic lungs. The bulk of the coal workers’ residues consisted of coal, sericite, and 
kaolin. Color is related to occupation underground, the blacker the residues the more coal 
as against rock dust being inhaled Phe lighter residues had larger fractions, above lw. In 


ene residue equal amounts of rutile and quartz were found. This is taken as evidence that quartz 
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dissolves in the lungs, as in general the quartz/rutile ratio in sediments is very high. The 
mica x-ray diagram was usually of the muscovite type 1f there was much coal and of the sericite 
type if there was little coal in the lung 
Klectron micrographs are shown of rutile, kaolin, and of regular hexagonal plates, several 
microns in diameter but of only about 100 A in thickness. These are said to be probably formed 
the lungs as alteration products of silicate weathering. They carry surface layers which melt 
into droplets under the electron microscope Such droplets had previously been interpreted as 


amorphous silica. As these droplets are not observed after very thorough degreasing of the lung 


residue, they are believed to be organic layers of fat or lipids or perhaps of organic silicon com- 


pounds Nacerscumipt [Bull. Hyg.]. 


Industrial Toxicology 


MiIcROTESTS FOR CHOLINESTERASI INTERPRETATION APTER NERVE GAS OR AGRICULTURAL 


FF. Marcuanp, J. A. M. A. 149:738 (June 21) 1952 


INsecticipe Exposures. JOuNn 


we increasing use of anticholinesterase insecticides and the possible use of anticholinesterase 


vases in wartime have created the need for an objective clinical test simple and rapid enough to 


be used in field studies, The changes in cholinesterase of red cells and plasma are the best 
diagnostic signs of intoxication by these agents 
Phe author describes the micro-blood-sampling method in which finger-tip samples of blood 


are collected and sealed in heparinized capillary tubes. The tubes are centrifuged and may then 
he packed in ice for a week or more without change. The cholinesterase activity of cells and 
serum is determined as proportional to pH change at constant temperature following the addition 
of an excess of acetylcholine substrate. Low values for plasma indicate mild acute poisoning 
Low red cell values with normal plasma values indicate recovery from previous exposure. 


Low values tor both indicate severe acute intoxication 
B. H. Ampur, Boston. 


SALICYLATES AND EXPERIMENTAL Porsonrnc. A. J. Finker and M. R. Wutrte, 
Proc. Soc. Exper. Biol. & Med. 79:672 (April) 1952. 


\cute beryllium poisoning in mice, readily produced by the intravenous injection of soluble 
beryllium salts, usually terminates fatally in three days. Death results from acute liver failure 
following hepatic focal and midzonal necrosis. Additional pathological changes in the kidney 
and spleen have also been described. Recently, aurintricarboxylic acid, a substance of relatively 
low toxicity, was found to be an effective antidote when it was administered to mice up to 
eight hours after they had received L.D.. amounts of BeSO, intravenously. This protection was 
attributed to its chelating and lake-forming properties. The present study was undertaken to 
ascertain whether the salicylic acid portion of the aurintricarboxylic acid molecule would be as 
effective in reversing experimental beryllium intoxication 

It was found that intravenously or intraperitoneally administered sodium salicylate in dose 
levels of 600 mg. per kilogram is an effective antidote for acute beryllium poisoning in mice when 
given up to eight hours after the administration of intravenous beryllium sulfate in) L.D.ss 
amounts. Salicylate analogues without the orthohydroxycarboxylic acid grouping were generally 


ineffective as were 2-dihydroxybenzoates 


Srupres oN THE Renat Excretion oF Artuur L. Unperwoop Jr., Atomic Energy 
Project, University of Rochester, Rochester, N. Y., June 4, 1951. 


Carrier-free Be? injected into rabbits in an insoluble form was found to have very low 
clearance as compared with the simultaneous inulin clearance. When citrate, a potent complexer 
of Be, was added to ensure that the injected Be was in a soluble form, the clearance was much 
greater, despite the fact that ultrafiltration studies show the soluble Be to assume an insoluble 
form after mixing with the blood. The addition of carrier did not markedly alter the Be 
clearance. The clearance ratio, 1. e., Be clearance/inulin clearance, was found to vary widely 


enough to suggest that the two substances are not excreted by the same mechanism, and thus 
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the possibility of tubular involvement in the excreti: n of Be suggests itself. An experiment using 
carmamide and paraaminohippuric acid failed to confirm this idea. Ultratiltration studies show 


that Be exists in a nondiffusible form in both blood and urine, which again suggests tubular 


functic as the mechanism ot excretion 
NUCLEAR Sc. Asst. 


Tue INcwwence or Brappek Tumors iN A DyEsturrs Factory. T. S. Scorr, Brit. J. Indust. 
Med. 9:127 (April) 1952 
The methods and hist ry of the manufacture of dyestuffs are accompanied by a report of 


66 cases of bladder tumors caused by these agents. In 30 of these cases the tumors were due to 


exposure to benzidine without simultaneous exposure to betanaphthylamine. The latter alone was 


the causative agent in 15 cases. No cases were attributed to aniline 
Men below the age of 30 should not be emploved where exposure to bladder carcinogens 
oceurs. When feasible, healthy men over 40 should b employed for these processes 


B. H. Anpur, Boston 


URINARY CoproporPHYRINS IN LEAD J. E. Kencu, R. E. 


Brit. J. Indust. Med. 9:133 (April) 1952 


ANE, and H. 


\ study was made of the excretion of lead and porphyrins in the urine of seven bath enam 


ellers immediately after three to six months of considerable lead exposure. In addition to an 


increase in coproporphyrin IIL in the urine, an increase of coproporphyrin I excretion was 


observed. The coproporphyrin I amounted to about 30% ot the total porphyrins excreted. The 


isomers were separated by filter paper chromatography. Durit 


g acute lead poisoning, the men 
were excreting around | mg. of coproporphyrin I per liter of urine 
Phe authors found that lead has two toxic actions which produce anemia: It interferes with 


normal maturation of erythroid marrow cells, leading to the production of stippled cells which 


are broken down by the reticuloendothelial system, and it also inhibits hemoglobin synthesis in 

the precursor cells, probably by a general action on the enzymatic tormation of porphyrin and 
intermediates. 

other intermediates B. Aspun. Boston. 


PREVENTION OF ACUTE (D. N. O. C.) Potsontne. P. | 
J. A. L. Bonnewt, and D. G. Harvey, Lancet 1:794 | \pril 19) 1952 


BripstRupP, 


Dinitro-o-cresol (D.N.O.C.) is a cumulative potson in man and is eliminated from the 


hody remarkably slowly. In Great Britain acute poisoning has occurred in men engaged in the 
manufacture of dinitro-o-cresol and in spray operators using dinitro-o-cresol for the control of 
weeds in cereal crops. No cases of poisoning have been recorded among men who use the 


substance as a late winter wash on fruit trees \cute dinitro-e-cresol poisoning has affected 


most often men spraying cereal crops, and eight fatal cases have been recorded since 1945 
Experiments on volunteers showed that when the biood-dinitro-o cresol level was about 207 


per gram of blood a further dose of about 1 mg per kilogram led to a sharp rise in the con- 


centration of dinitro-o-cresol in the blood and that when this Was more than 407 per gram all 
the volunteers had headaches, lassitude, and general malaise. When the blood dinitro-o-cresol 
level was about 207 per gram, all the volunteers experienced an exaggerated feeling of well-being. 


Che significance of this subjective symptom was not appreciated at the time of the experiments, 
but the head of a firm of contract sprayers directed attention to its importance as the earliest 


manifestation of the absorption of dinitro-o-cresol in significant amounts. The contractor stated 


that when he observed a “fitter than usual” condition in an employee spraying dinitro-o-cresol 


lie transferred the man immediately to other work 


The results of the experiments on the volunteers suggested that it would be possible to 


remove a man from further exposure to dinitro-o-cresol before toxic symptoms developed by 


estimating the blood-dinitro-o-cresol level at short intervals. To show that the correlation 


between the blood-dinitro-o-cresol level and the symptoms existed in the conditions of work 
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tory and field, single estimations were made on blood collected from 23 process 
workers engaged in the manufacture of dinitro-o ol, 39 men using the compound as a late 
winter Wash on fruit trees, and 133 spray operators applying it to cereal crops. 
Phe authe ain he impression that the estimation of blood-dinitro-o-cresol levels in 
workmen exposed the risk of absorbing dangerous amounts of this substance would prove 


valuable additional measure in the prevention of acute dinitro-o-cresol poisoning 


Phe blood-dinitro-o-cresol levels in four cases of acute poisoning which occurred in Great 


britain in 1951 are recorded and show the correlation between the blood level and the symptoms 
and signs of poisoning 
It is recommended that a man should be removed from further contact with dinitro-o-cresol 
six weeks if the blood-dinitro-o-cresol level eight hours after the last exposure 
gram or higher 
Che main route of absorption is by inhalation, and it is recommended that respirators should 


be worn, especially by spray operators and others concerned with the spraying of cereal crops. 


Investigations on the correlation between the blood-dinitro-o-cresol level and the urinary 


excretion of the compound indicate that determination of dinitro-o-cresol in the urine js unlikely 


to prove a reliable test of the absorption of the substance when the blood level is about 207 
per gram 


ESTIMATION OF DintrROo-OrtTHO-CRESOL IN BLoop. D. G. Harvey, Lancet 1:796 (April 19) 
1952 


Harvey says that the method devised by Parker for the routine analysis of dinitro-o-cre 


sol in 
blood or urine combines simplicity with speed and accuracy and can be carried out with relatively 


mexpensive and simple chemicals and equipment, most of which are available in clinical labor- 
atories. A further advantage of Parker's method is that it can be used to estimate dinitro- 


secordary-butyl phenol, and experiments suggest that solutions containing gram-molecular 


equivalents of the two substances give colors of approximately equal tint and intensity. No 


attempt has been made to differentiate dinitro-ortho-cresol from. sec -dinitrobutylphenol in the 


blood of spray operators, and both substances can be estimated as dinitro-o-cresol. The modifi- 
cation ot Parker's method described here enables the estimation of dinitro-o-cresol to be made 


accurately on 0.1 gm. of blood. This means that sufficient blood can be obtained by finger-tip 


muneture and obviates the need for repeated venepuncture for routine blood dinitro-o- 
cresol estimations 


Che chief advantage of the method lies in the fact that only two glass containers are necessary : 


the blood tube in which the blood is collected and the extraction performed and the cuvette for 
measuring the color. The blood is weighed and not measured by pipette, and the dinitro-o-cresol 


concentration is expressed as micrograms per gram of blood 


By the method described, satisfactory recoveries of dinitro-o-cresol in 0.1 gm. 
be obtained when the 


of blood cau 
blood dinitro-o-cresol concentrations are of the order of 5y per gram. 


oF CHRONIC Exposure To AROMATIC NITRO AND AMINO COMPOUNDS. 
LETSCHER, Rev. ace. trav. et mal. prof. 2:40, 1952. 
The author examined 315 workers in chemical industries who had been in contact with 


aromatic nitro and amino compounds for periods varying from 2 to 50 years. Although certain 


patients had worked occasionally with organic solvents, aromatic nitro and amino compounds 


represented the principal toxic compounds. 

The author classes the pathological phenomena observed as follows (1) Hepatic lesions, 
which manifest themselves by porphyrinuria., hypoproteinemia, increased bilirubin in the urine, 
and finally galactosuria. (2) Modifications of the blood. which are, 


physicochemical pr 


above all, changes of 
operties of erythrocytes, decrease in oxygen-absorbing capacity, changes of the 
membrane indicated by a lowering of mechanical resistance. and an increase in hemolysis of 
\ decrease in the number of thrombocytes below 100,000 is noted in 8% 
ot the cases. (3) Urinary difficulties. 


fresh venous blood 


which persist in 20% of the pateints with microhematuria. 
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Cystoscopy shows vesical lesions (inflammatory or neoplastic) in 17% of the subjects. The 
author states that he has found only malignant tumors in workers exposed to benzidine and 


naphthylamine. (4) Systemic troubles, which are explained in large part by the hypotonicity 


encountered in 11% of the patients. The genital troubles found in 20% indicate a participation 
of the endocrine system. The concentration of aromatic amines in the blood was above normal 


in 20% of the cases. 


E. GRANDJEAN, Zurich, Switzerland. 


BRONCHIAL 


ASTHMA AND ALLERGIC SKIN MANIFESTATIONS CAUSED By ComMPLEX PLATINUM 
Satts—A New Occupationat Disease. A. W. Jorpit, Schweiz. med. Wehnschr. 81:1117, 
1951. 


Inhalation of, or skin exposure to, mist of (NH,)2PtCls solutions caused bronchial asthma, 
urticaria, edema of the eyelids, photophobia, and nasal discharge. The dry salt is not allergenic. 


Enricu Herrmann [Chem. Abst.]. 


QUANTITATIVE DIFFERENCE IN THE LEAD CONTENT OF THE GUM Pockets BETWEEN UPPER 
AND Lower TEETH IN WorKERS Exposep To LEAD POISONING. FRANCO DE MICHELIS, Rass. 
med. indust. 20:303, 1951. 


The lead content in the lower gums was always higher than, sometimes twice as high as, 


that of the upper gums. A. E. Mever [Chem. Abst.]. 


ProGress oF A CASE OF PoIsonING ny TotvoLt. Proyarp, Arch. belges méd. sociale hyg. 9:296, 
1951. 


This paper refers to a patient reported previously by the author. She was seen several months 
later and at shat time showed a degree of anemia about the same (48% hemoglobin and 2,600,000 
red cells) as had been found originally. The liver had become enlarged to 3 fingerbreadths below 
the costal margin, and the spleen, previously easily palpable, now reached the left iliac fossa. 
The electrocardiogram was normal; the earlier abnormality had, in the author's view, been due 
to the intoxication by toluol. There were some petechiae on the legs. 

This picture of anemia with splenomegaly, hepatomegaly, and hemorrhagic tendency suggested 
that the toxic action was still operating, as it is known to do, although exposure had long ceased. 
The author thought that removal of the spleen might arrest the tendency to destruction of blood, 
and the operation was performed, but the patient died after it, in spite of transfusions. 


CHARLES Witcocks [Bull. Hyg.]. 


Curonic CapmMium Potsonine. E. W. Baaper, Arhiv. hig. rada 2:421, 1951. 


The problem of acute and chronic cadmium poisoning is discussed in connection with a 
review of the literature on the subject. A fatal case of chronic cadmium poisoning is described, 
and the pathological and anatomical findings are discussed. 


Medicine and Surgery 


ACTH (Corticotropin) INpustriat Mepicine. J. A. Hupata, Indust. Med. 21:277 (June) 
1952. 


Corticotropin is the natural hormone secreted by the pituitary gland. Its function is to stimu- 
late the adrenal cortex to produce and secrete all its steroids, which are generally classified as 
sugar hormones, salt hormones, and protein hormones. 

The principal difference between corticotropin and cortisone therapy is that the former is a 
stimulating therapy whose effect is to stimulate the adrenal cortex to produce and secrete all 
its hormones, whereas the latter is a substitution rendering the patient dependent upon a single 
adrenal cortex steroid compound. Corticotropin therapy might decrease the endogenous secretion 
of corticotropin; however, the secretion will return to normal after therapy is discontinued. 
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Corticotropin therapy is safe and relatively simple. There are virtually no side-effects. If 
they should occur, they are not toxic and can easily be removed. When given in excess, the 
overdosage effects appear gradually and are reversible, with regression to normal as dosage 
is decreased. No cumulative effects develop when the dose is properly selected and interval 
between injections properly spaced 

Results of corticotropin therapy may appear within a few hours after administration. A list 
of clinical and laboratory criteria for evaluating results is included. Such responses serve as 
an early guide for estimating the adequate dosage 

Corticotropin may produce side-actions directly related to its physiological influence upon 
metabolism and hormonal equilibrium. If such effects occur, they are easily reversed by lowering 
the dosage or discontinuing the therapy. Some of the possible side-actions are edema formation, 
glycosuria, hypoglycemia, hypertension, muscle weakness, nitrogen loss, psychic disturbances, 
and fatigue. Brief discussions of each effect are included. 

Some of the absolute contraindications that may exist are psychosis, chronic glomerulo- 
nephritis, Cushing’s syndrome, and active or recently healed tuberculosis and peptic ulcers. 
Hypertension, severe diabetes, and congestive heart failure are considered as relative contra- 
indications. Both the extent of the contraindication and the seriousness of the disease should 
be determined first before corticotropin therapy can be ruled out. 

Lists of diseases requiring short- or long-term therapy and the corticotropin preparations 
now available are included. 

Because of its therapeutic efficacy corticotropin is assuming a prominent position in industrial 


medicine Parvin Satp1, Boston. 


Traumatic Vasospastic Diskaset or THE Hanp (RayNAub's PHENOMENON). F. 
Horrner, Indust. Med. 21:297 (June) 1952. 


During the past decade there has been a significant increase in the clinjcal manifestations of 
“Raynaud's phenomenon of occupational origin,” which has been defined as “intermittent pallor 
or cyanosis of the extremities precipitated by exposure to cold, without clinical evidence of 
blockage of the large peripheral vessels.” The disorder is believed to be caused by the use of 
vibrating tools, The increase is understandable in view of the increasing number of industries 
in which such tools are used 

The vibrations produced by these tools are composed of a fundamental frequency of large 
amplitude, upon which harmonics of progressively higher frequencies and smaller amplitudes 
are superimposed. It is believed that vibrations of large amplitude between: the frequencies of 
about 2,400 to 7,500 cycles per minute are concerned with producing Raynaud’s phenomenon, the 
commonest range being 3,000 to 3,500 vibrations per minute. 

The influence of sex and age of the employees, position and method of holding the tools, and 
environmental stresses of cold and humidity are discussed, with special emphasis on the increased 
occurrence of the disorder in women workers. 

Although attacks occur sporadically and infrequently, the disease may constitute an occupa- 
tional disability. The extent of the disability for workmen's compensation cases has not been 
determined as yet 

A number of preventive measures are suggested, with emphasis on proper choice of employees 
and utilization of proper tools 

\ discussion of several hypotheses for the mechanism of production of vasospastic disorder 


is included Parvin Satpt, Boston, 


New Metnops ror Pore Tor Resuscitation: COMPARATIVE StupIES. ARCHER S. 
Gorven, Cuartes Frye, and Max S. Sapove, Indust. Med. 21:326 (July) 1952. 
A comparative study of the various artificial respiration methods employed on five normal, 


healthy men, who were in a totally apneic, unconscious state induced with curare-anesthesia 
mixtures, has led the authors to the following conclusions : 
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1. The Schafer back pressure alone gives one and one-half times as much pulmonary venti- 
lation as the standard prone pressure alone. 

2. Prone push-pull methods give two to three times as much pulmonary exchange as the 
push only methods. 

3. The standard pole-top method (producing active expiration alone) is superior to the 
Schafer prone-pressure and back-pressure methods. 

4. All push-pull pole-top methods are one and one-half times as effective as the standard 
pole-top method in pulmonary ventilation. 

5. Of the push-pull pole-top methods, the double-rock is the most effective with respect to 
pulmonary ventilation, ease of performance, rhythm, and operator fatigue. 

6. Pole-top resuscitation methods, when prolonged artificial respiration is necessary, should 
be followed by one of the prone push-pull methods as soon as possible. 


7. A rate of 10 to 12 cycles per minute is optimal. 


Parvin Satpt, Boston. 


PROBLEMS PECULIAR TO A SMALL INDUSTRIAL HospiTaL IN AN ISOLATED AREA. ARLOs R. 
and Rosert A. Hicks, Indust. Med. 21:333 (July) 1952. 


The article is prepared with a view to presenting some possible solutions for the specific 
type of problems which are characteristic of a small industrial hospital in an isolated area. 
General suggestions and recommendations are presented with reference to the organization, 
necessary personnel, available equipment, and floor plan of such hospitals. 

The following points are stressed: (a) preemployment and final termination medical exami- 
nations for all employees; (>) medical records available to the medical officer involved at all 
times; (c) briefing of incoming personnel concerning available hospital facilities and possible 
health hazards, and a (d) general atmosphere of friendliness and cooperation among the medical 


s , the management, and the employees. . 
staff, the manageme and ployees Paavix Sart, Boston. 


Determination of Air-Borne Contaminants 


FILTRATION OF RADIOACTIVE AEROSOLS BY GLASS Fisers: II. Appenpices. <A. G. BLASE- 
witz, R. V. Caruisve, B. F. Jupson, M. F. Karzer, E. F. Kurtz, W. C. Scumipt, and 


B. (HW-20847), April 16, 1951. (120 pp.) 


This report has been published in two volumes. Part I (HW-20847) contains the text of the 
report and describes the program which led to the design of highly efficient, glass fiber filters 
to be used in the filtration of radioactive aerosols. This volume (Part II) is composed of five 
appendixes, each of which pertains to a separate phase of the program. Four of the appendixes 
contain experimental data presented in graphical form. The remaining appendix consists of a 
series of nomographs summarizing the permeability and efficiency characteristics of three types 


of glass fibers. AvutTuors’ SUMMARY [Nuclear Sc. Abst.]. 


AN ENVIRONMENTAL STUDY OF THE CHROMATE 


Brit. J. Indust. Med. 8:298 (Oct.) 1951. 


Inpustry. M. Buckett and D. G. Harvey, 
A survey has been made of the contamination of the atmosphere by soluble and insoluble 
chromium compounds in the three factories in Great Britain making basic chromates from the 
ore, chromite. The results are compared with those obtained in a similar survey in the United 
States of America. The maximum concentrations of both soluble and insoluble forms cf 
chromium in the atmospheres of factories in Great Britain are greater than those found in 


factories in the United States of America, and the minimum concentrations are lower. The main 


point of similarity is the very high ratio of trivalent to hexavalent chromium in the ore-mixing 
stage. 


From THE AuTHOoRS’ SUMMARY. 
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InyuRIOUS MATERIALS IN THE AIR OF THE WorK Ptace: I. Toe Estimation oF CARBON 
Monoxipe. Lapistav JERMAN, Prac. lék. 3:340 (Dec.) 1951. 


An iodometric method for estimating small quantities of carbon monoxide in the air is 
described. It is based on the reduction of palladium chloride by carbon monoxide, the precipita- 
tion of palladium chloride by a solution of potassium iodide, the oxidation of potassium iodide 
by bromine water to potassium iodate, and the titration of the displaced iodine with sodium 
thiosulfate after the addition of potassium iodide. 

The method enables the estimation of carbon monoxide in concentrations between 0.1 and 
0.0002 vol.%, i. e., 2: 1.000.000 with a standard deviation of ¢ + 0.00021 vol.% and a probable 
error of 6 + 0.00014 vol.%. 


Ventilating, Air Conditioning, and Engineering Control 


Controt oF HEALTH HAZARDS IN THE OPERATION OF METAL DEGREASERS. JOHN B. 
SKINNER, Indust. Hyg. Quart. 13:11 (March) 1952. 


Although substitution of trichloroethylene and related degreasing agents for carbon tetra- 
chloride reduces the solvent-vapor hazard, the author cites several instances in which faulty 
design or application have led to acute and chronic poisonings. Thermostatic controls for heating 
and cooling coils apply only to the solvent for which they are designed, and their response to 
sudden temperature changes is not always fast enough to prevent escape of solvent vapors. 
Exhaust ventilation is recommended for alli installations either as down draft grills or as 
propeller-fan-exhausted booths. Provision of exhausted drain boards and proper basket drainage 
are important design features to reduce vapor concentrations when degreased parts are removed. 
Design criteria are furnished for common types of degreasing hoods. 

R. Dennis, Boston. 


Dust 1n Carp Rooms: Second INTERIM REPORT OF THE JOINT ADVISORY COMMITTEE 
or THE Cotton INpustTRY. GREAT BRITAIN MINISTRY OF LABOUR AND NATIONAL 
SERVICE. 


This report is a worth-while contribution with regard to dust problems in the textile industry. 
It covers the environmental concentrations in several mills, as measured by Owens, and refers 
to thermal-precipitator samples as well as weight samples obtained with sintered glass filters. 
The work was done a few years ago, but the report has not been made available until recently 
because of paper limitations in England. 

I had an opportunity to discuss this work with the authors in 1948 and felt that the information 
available then and now presented in published form represents a valuable contribution to textile- 
mill dust studies. In addition to showing dust concentrations for various carding operations, it 
shows the effect of oiling on dust dissemination during carding operations. The effect of oil on 
carding dust is not as great as it is during opening and picking operations. 


LESLIE SILVERMAN, Boston. 


EXPERIMENTS ON Dust Controt with AEROSOLS OF WATER AND SALT SOLUTIONS. HASSELT, 
Institut d’Hygiéne des Mines, Communication No. 85 (June 25) 1951. 


Experiments were carried out in a coal mine to determine whether a fine mist (75% of drops 
<1) tends to suppress dust clouds. Over a period of 27 months, 40 rabbits were exposed at 
first to normally occurring coal dust and subsequently to artificially produced shale dust (90% 
<Su). The gallery along which the dust passed was divided lengthwise by a screen, at one side 
of which aerosol generators operated, and 20 rabbits were placed on each side of the screen; 
in addition, there were 5 control animals on the surface. 

Of the physical measurements, only the Kyndallometer consistently gave lower readings on 
the side “with aerosols.” Readings with the thermal precipitator and jet dust counter and also 


autopsy were inconclusive. J. McK. Exttson [Bull. Hyg.]. 
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ABSTRACTS 


FROM CURRENT LITERATURE 


Accidents and Their Prevention; Protective Equipment 


PREVIEWING New Construction: A TECHNIQUE FOR THE CONTROL OF HEALTH AND 
Sarety Hazarps. LEONARD GREENBURG, Indust. Hyg. Quart. 18:33 (March) 1952. 


The author suggests methods by which the detection and hence correction of health and safety 
hazards may be improved with only slight increases in personnel. New York State regulations 
requiring the mandatory prior filing of building plans are described. Processes involving gener- 
ation of hazardous gases, fumes, dust or heat and control methods are brought to the attention 
of ventilation engineers in the New York State Labor Department. Corrective alterations may 
be made before construction, thus eliminating health hazards and redesign expenses. 


R. Dennis, Boston. 


Radioactive Substances and X-Ray 


CALCULATION OF COUNTING STATISTICS. GeorGeE W. Reip, Indust. Hyg. Quart. 13:29 (March) 
1952. 


Curves and formulae are presented, based on a Gaussian distribution, which permit determi- 
nation of the total number of counts required for any desired degree of accuracy. The ratio 
of total count to background count and the magnitude of a constant & (related to the allowable 
probable error) are the only information required. The author points out that the counting 
error should be at a level such that it will not influence the process error and describes the 
relationship graphically. The data have immediate application to radiological studies but are 
adaptable to any statistical process. 


R. Dennis, Boston. 


Maximum Permissip_e Exposure TO RADIATION, LARKIN Kerwin, J. Can. Assoc. Radiologists 
2: No. 3, 21, 1951. 


A review of current and proposed radiation units, methods of measurement, and precautions 
in their application. > : 
PP P. E. Brat [Chem. Abst.]. 


RECOVERY PATTERN OF THE BLoop Picture IN GuINEA Pics FottowinG a Limitep Totat- 


Bopy Exposure to CHronic GAMMA Raptation. (In English.) Econ Lorenz, J. chim. 
phys. 48:264, 1951. 


Recovery from chronic exposure to gamma radiation appears to be slower than from acute 
exposure, producing the same blood count damage. However, larger total exposures are involved. 
A group of animals was found which showed temporary recovery in the case of chronic exposure, 
whereas no such group has been noted in acute exposure cases. Damage to specific organs is 
different in the chronic and the acute-exposure experiments. 


H. H. Hyman [Chem. Abst.]. 


THE ApPLICATION OF RADIOCARBON IN THE STUDY OF RAproLesions. (In English.) G. Hevesy, 
J. chim. phys. 48:275, 1951. 


The rate of incorporation of Ci. into molecular tissue constituents is employed to study the 
biochemical changes produced by ionizing radiation. Significant differences from controls are 


found, but interpretation is not always possible. H. H. Hyman [Chem. Abst.] 


PROTECTION OF BIOLOGICAL SYSTEMS FROM THE Errects oF Ion1zING Rapration. (In English.) 
Lestiz F. Nims, J. chim. phys. 48:280, 1951. 
It is impossible to protect biological systems from the initial physical effects of ionizing radia- 
tion. Protection can be achieved against the subsequent chemical reactions if the protecting 
substances are present during exposure. Studies on the biological mechanisms damaged by radi- 


ation give some hope of developing a rational therapy for the radiation syndrome. 


H. H. Hyman [Chem. Abst.]. 
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News and Comment 


COURSE ON RADIOLOGICAL SAFETY 


\ two-week special course covering all aspects of radiclegical safety will be conducted 
Oct. 20-31 by the Post-Graduate Medical School of the New York University-Bellevue Medical 
Center im cooperation with the Umited States Atomic Energy Commission 


Phe course is designed to acquaint industrial hygienists, insurance engineers, state, federal, 


county and city health officials, industrial and research institution safety engineers, industrial 


physicians, and present and potential users of radioisotopes and x-ray equipment with the 


fundamentals of radiation safety. It will be given at the Institute of Industrial Medicine of the 
Post-Graduate Medical School 


Dr. A. J. Lanza, director of the Institute, said that “it will be one of the most complete 


presentations on radiological safety ever offered by an academic institution.” 

Subject matter of the lectures and demonstrations will include atomic physics (review, inter- 
action of radiation with matter, the theory of detection and measurement of radiation and the 
principles of radiation detection and measuring instruments) ; introduction to radiobiology ; his- 
tory ot radiation damage; maximum permissible exposures to radiation; uses of radiation in 
medicine, research and industry; principles of radiological safety; procedures for low-level labo- 
ratornies; radiation shielding, surveying, and monitoring instruments and their uses; area and 
ntinuous monitoring; waste disposal and transportation, and air hygiene. 

Details on 


the course and registration information may be obtained from the office of the 
Dean, New York University Post-Graduate Medical School, 477 First Ave., New York 16. 


COUNCIL ON INDUSTRIAL HEALTH 
News Letter, August, 1952 


hirst-aid training is an essential means of promoting health and safety education as well as 
of saving 
The timely application of simple preventive and first-aid measures will do much to combat the 
disabilities arising in a significant segment of our industrial work force. Our first-aid planning 
tor Civilian Defense bears direct relationship to the ever-present need for the proper handling 


of emergency situations, because the types of casualties resulting from a major disaster will be 
essentially the same as those 


Phe beneficent influence of a knowledge of first aid spreads in many direction: 


encountered in more ordinary circumstances. It is with these 
concepts in mind that the Council on Industrial Health and the Bureau of Health Education of 
the American Medical Association have developed a vest-pocket size first-aid manual. 

We believe that everyone should be prepared to meet crises involving illness and injury by 
taking a reliable course in first aid taught by a certified instructor. This may not be universally 
possible for various reasons. Thus the need for a set of guiding principles and techniques in first 
aid to the end that wounds are protected from infection, fractures are immobilized, loss of blood 
checked, natural breathing restored, shock prevented or moderated, pain lessened, and the 
patient's strength conserved so that when medical aid can be obtained his chances of recovery 
will be greatly enhanced 


This manual embodies several desirable features. Its size wili encourage individuals to carry 


ton their persons where it will be readily available for emergency use. The content outlines 
adequate first-aid instructions for the common everyday illnesses and injuries in a manner that 


will guide those who have not received first-aid training as well as refresh the memories of 


others. A quick glance at the index places the first-aider in immediate focus with information 
that will direct him in the emergency care of a person who is injured or ill. A suggested list 
of items to be included in a portable first-aid box appears at the back of the manual. 

Single copies of this first-aid manual are available without charge through the Council on 


Industrial Health. Quantity prices will be supplied upon request by the Order Department. 


290 


| 
i 
i 
i 
: 
- 


NEWS AND COMMENT 


RESEARCH COUNCIL FOR ECONOMIC SECURITY 


Eighteen experts in technical and administrative aspects of the preblem of health have 
accepted appointments to advise the Research Council for Economic Security in its nationwide 
Survey on the Economic Aspects of Prolonged Non-Occupational Illness Among Employed 
Persons. 

The Research Council, devoted exclusively to research and education in all phases of social 
and economic security, is currently studymg the problem of nonoccupational illness and its 
economic impact upon the individual and his family 

The appointment of the Research Advisory Committee is the outgrowth of a series of regional 
conterences and meetings with leading representatives of business, professional, labor, medical, 
hospital, and community groups concerned with the problem of health. The Research Advisory 
Committee will advise the Research Council in its broad study and render technical assistance 
in evaluating the results obtained during the two-year study of ncnoccupational illness 


RESEARCH 


ADVISORY COMMITTEE 
Fextile Workers Union of America, CIO 
E. Dwight Barnett, M.D., Director, Institute of Administrative Medicine, Columbia University 
Robert FE. Bondy, Director, National Social Welfare Assembly 


E. H. Carleton, M.D., Medical Director, Inland Steel Company 


Solomon Barkin, Director of Research, 


Antonio Ciocco, Head of the Department of Biostatistics, School of Public Health, University 
of Pittsburgh 

Frank Dickinson, Director. Bureau of Medical Economic Research, American Medical 
Association 

E. J. Faulkner, President, Woodmen Accident Company 

Fedele F. Fauri, Dean, School of Social Work, University of Michigan 

Rt. Rev. Donald A. McGowan, Director, Bureau of Health and Hospitals, National Catholic 
Welfare Conference 

John H. Miller, Vice-President and Actuary, Monarch Life Insurance Company 

Earl E. Muntz, Professor of Economics, School of Commerce, New York University 

G. St. J. Perrott, Chief, Division of Public Health Methods, Public Health Service, Federal 
Security Agency 

Carl M. Peterson, M.D., Secretary, Industrial Health, American Medical Asseciation 

Dean W. Roberts, M.D., Director, Commission on Chronic Illness 

E. A. Van Steenwyk, Executive Director, The Associated Hospital Service of Philadelphia 

Leon Werch, Research Director, Research Council for Economic Security 

Edwin E. Witte, Chairman, Department of Economics, University of Wisconsin 

James C. Worthy, Employee Relations Manager, Sears Roebuck & Company 

Frieda Wunderlich, Graduate Faculty of Political and Social Science, New School for Social 

Research 
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Books 


Flow Measurement with Orifice Meters. By R. F. Stearns, R. M. Jackson, R. R. Johnson, 
and C. A. Larson. Pages 350, with 160 illustrations. Price $7.50. D. Van Nostrand 
Company, Inc., 250 Fourth Ave., New York 3, 1951. 


While this volume is intended primarily for engineers and others concerned with processes 
of the petroleum industry, it Contains a large amount of information useful to engineers in other 
industries. It presents a brief theory of the orifice meter and a complete, comprehensive consider- 
atton of all applications of such devices for gases and liquids. The physical properties of these 
fluids encountered in the petroleum industry are given in tables and graphs. 

In the reviewer's opinion, this book represents a complete and up-to-date treatise on the orifice 
meter and its use. It will be of most value to the ventilation and industrial hygiene engineer 
interested in flow metering with orifices. 

SILVERMAN. 
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Corticotropin 


A contribution of 


(ACTH) 


The Upjohn Company in early June an- 
nounced production of Cortisone Acetate, 
25 mg., Tablets. 


Now we are announcing the availability of 
Corticotropin (ACTH). 


Sterile Corticotropin (Upjohn) is available 
in two potencies: in vials containing 25 
U.S.P. units and jn yials containing 40 
U.S.P. units. 


Upjohn’s extensive experience in the re- 
search and manufacture of adrenal cortical 
products has made it possible to provide the 
medical profession with both Cortisone and 
Corticotropin. 


THE UPJOHN COMPANY. KALAMAZOO. MICHIGAN 


to this era of metabolic medicine 
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Quantity prices 
quoted on request 


AMERICAN MEDICAL ASSOCIATION 


of pamphlets by Dr 


THOSE FIRST SEX QUES- 
TIONS 

For the parents of very young 

ehildren. Answers to the grop- 

ing questions of the littlest 

ones. 40 pages. 25 cents. 


morrow. 44 pages 
IN TRAINING 
THE STORY OF LIFE 


For boys and girls ten years 
of age, telling them how the 
young come to plants and 
human parents. 36 pages. 25 
cents 


interpreting their 


50 pages. 25 cents. 


SEX EDUCATION FOR THE PRE- 
SCHOOL CHILD 
By Harold E. Jones and 
Read. 12 pages. 15 cents 
SEX EDUCATION FOR THE TEN 
YEAR OLD 
By Marjorie Bolles. 12 pages. 15 cents, 
SEX EDUCATION FOR THE ADO- 
LESCENT 
By George W. 
Landis. 20 pages 


Katherine 


Corner and 


15 cents 


Carney 


Als THE FACTS ABOUT SEX 
SOs By Audrey McKeever To be read by 
parents or children. 16 pages. 15 cents. 
ANSWERS TO PRACTICAL QUESTIONS 
ON MENSTRUATION 


By Margaret Bell. & pages. 15 cents 


535 North Dearborn Street 
Chicago 10, il. 


HOW LIFE GOES ON 

For girls of high school age. 
Their role as mothers of to- 
25 cents. a 


BOOKLETS 


@ FOR YOUNG PEOPLE 

Parents will find the help they are seeking in this modern series 
Thurman B. Rice 
and teacher, as well as the father of a family, Dr 
equipped to deal with this difficult subject properly and helpfully 


Being a physician, biologist 
Rice is well 


THE AGE OF ROMANCE 
For young men and women 
dealing with the problem as 
unit for both sexes. 44 
pages. 25 cents. 


For boys of high school age, 
adolescent 
development in terms of ath- 
letic and other achievements. 


25¢ each 
Set of five 
in file case, $1.25 


@ FOR ADULT READING 


SEX EDUCATION FOR THE MARRIED 
COUPLE 


By Emily Hartshorne Mudd. 12 pages 
15 cents. 
SEX EDUCATION FOR THE WOMAN 
AT MENOPAUSE 
By Carl J. Hartman. 12 pages 
Set of 5 titles as above, 50 cents 


GETTING READY FOR MARRIED LIFE 
By Howard Dittrick. 29 pages. 20 cents. 


HELP FOR CHILDLESS COUPLES 
By J. D. Wassersug. 6 pages. 15 cents 
THE WORD YOU CAN'T SAY (MAS- 
TURBATION) 
By Hannah Lees. & 


pages. 15 cents 


| 

¢ 

— 

act 


PROOF WITH ONE PUFF? 


So distinct is the difference between Putiip Morris 
and any other leading brand, that we believe you 
will notice it with a single puff. Won’t you try this 
simple test, Doctor, and see? 


Take a PHILIP MORRIS and any other cigarette 
1. Light up either one first. Take a puff—get a good mouthful 
of smoke—and s-l-o-w-l-y let the smoke come directly 
through your nose. 
2. Now, do exactly the same thing with the other cigarette. 


You will notice a distinct difference between PHILIP MORRIS and any other leading brand. 


PHILIP MORRIS 


Philip Morris & Co., Ltd., Inc., 100 Park Avenue, New York 17, N. Y. 


RESULTS COUNT!...1, Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


4\¢ 
ant 


Ointment and powder of ZINCUNDECATE 


= Solution of UNDECYLENIC ACID 
WV T Pharmaceutical Division Cures average case in one to three weeks 
h WALLACE & TIERNAN PRODUCTS, INC., Belleville 9, N. J., U.S.A. 
PD-32 


For a Better Understanding of 
Nervous and Mental Diseases 


A. M. A. Archives of NEUROLOGY and number of brief digests from current 
3 PSYCHIATRY gives practical assistance — medical literature which present signifi- 
; to those readers who would keep well cant findings of eminent neurologists and 


informed about the rapid progress in y.vehiatrists throughout the world. Well 
these fields. It presents original articles, : 


clinical notes, special articles, society illustrated. Issued monthly. Averages 5 
transactions and book reviews and book about 2730 pages annually. Price, $12.00 : 
notices. Each issue includes a_ large a year. Canada, $12.40. Foreign, $13.50. ‘ Z 


] AMERICAN MEDICAL ASSOCIATION 535 N. Dearborn St., Chicago 10 } 


NEW YORK UNIVERSITY POST-GRADUATE e 
| 


MEDICAL SCHOOL 
477 First Avenue, New York 16, N. Y. 


The Department of Industrial Medicine 
offers an 


“INTRODUCTION TO 


, 
HAND 


FOR YOUR FREE COPY OF CLEANSERS 


i RADIOLOGICAL SAFETY” 
® hit t in cooperation with 
ig 00 The United States Atomic Energy Commission 
and 
ANSWERS TO THE The Institute of Industrial pc 
2 weeks, full time. October 20 through 31, 1952 
IMPORTANT QUESTIONS weeks, full time. October roug 


This course covering all aspects of radiological safety 
is designed to acquaint industrial hygienists, insurance 
engineers, state, federal, county and city health officials, 
industrial and research institution safety engineers, 
industrial physicians, and present and potential users 
of radioisotopes and x-ray equipment with the funda- 
mentals of radiation safety. 


. no commercials — no sales chatter Subject matter of the lectures and demonstrations 


bute wealth of lat ‘i h will include: atomic physics review, interaction of radia- 
- jormative date that should prove tion with matter, the theory of detection and measure- 


ABOUT SOAP 
BUYING 


invaluable to you and your company throughout ment of radiation and the principles of radiation 
the future. detection and measuring instruments, introduction to 
radiobiology, history of radiation damage, maximum 
t bight = permissible exposures to radiation, uses of radiation in 
r medicine, research and industry; principles of radiologi- 
' LIGHTFOOT SCHULTZ COMPANY t cal safety, procedures for low level laboratories, radia- 
' 663 FIFTH AVENUE, NEW YORK 22, N. Y. ‘ tion shielding, surveying and monitoring instruments and 
| their uses; area and continuous monitoring, waste 
' Send your free Question and Answer Soap Date ! disposal and transportation, and air hygiene. 
' For further details on the course and _ registration 
1 Nome 7 1 information, address: 
' : Office of the Dean 
Address___ Post-Graduate Medical School 
ry 1 (A Unit of the New York University-Bellevue Medical 
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APPROVED . 
RESPIRATORY 
PROTECTIVE 
EQUIPMENT 


Since the very beginning of the war on 
occupational diseases of the respiratory 
system, Willson has cooperated with 
outstanding authorities to overcome the 
hazards contributing to such ailments. 
Through continuing research, many 
respiratory protective devices have been 


Testing gas mask canisters to be sure they will conform 
to U. S. Bureau of Mines ees Tests are made in 


initial experimental stage and also on the production line 
at regular intervals to insure quality and uniformity of 
the product. 


To make certain that Willson gas mask canisters are mois- 
ture proof, they are given this improved humidification test 
in our industrial hygiene laboratories. 


developed and perfected to filter out 
dusts, fumes, mists, gases and vapors 
found in industrial atmospheres. Today, 
more U. S. Bureau of Mines approvals 
have been granted to Willson Products, 
Inc. for such equipment than any other 
manufacturer. 


= 


Dependable Products Since 1870 


WILLSON PRODUCTS, INC., 211 WASHINGTON 


STREET, READING, PENNA. 


| 


Luminal and Luminal Sodium — time-tested, effective dampers of cortical 
over-activity — control emotional turbulence, restlessness and 
hyperirritability promptly and for prolonged periods. 


FOR ORAL USE: 
LUMINAL SODIUM 

Tablets 16 mg. (4 grain); 32 mg. (1% grain) and 0.1 Gm. (1% grains). 

Tablets 16 mg. (14 grain); 32 mg. (1% grain) and 0.1 Gm. (1% grains). 


Elixir (14 grain/teaspoonful), bottles of 354 cc. (12 fl. oz.) 
and 3.785 liters (1 U.S. gallon). 


FOR PARENTERAL USE: 
. . . LUMINAL SODIUM 
Hypodermic tablets of 65 mg. (1 grain), bottles of 50 and 500, 
for subcutaneous or intramuscular injection; Powder, ampuls 
of 0.13 Gm. and 0.32 Gm. (2 grains and 5 grains), for subcutaneous, 
intramuscular and (exceptionally) intravenous injection; 
Solution in propylene glycol, ampuls of 2 cc. (0.32 Gm.,5 grains); 
Ampins —sterile, disposable injection units of 2 cc. (5 grains) 
and 10 cc. vials (21% grains/cc.), for intramuscular injection only. 


THE PIONEER BRAND OF PHENOBARBITAL SODIUM 
BACKED BY MORE THAN 30 YEARS OF EXPERIENCE 
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SODIUM 


New 18, N.Y. Winosor, ONT. 


